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This study investigates the interaction of intonation and lexical tone in 
second language acquisition. The research question of this study is whether 
the intonation patterns of a learner's first language (LI) can affect their pro-
duction and perception of lexical tones in a second language (L2). This work 
is part of a larger effort to understand how prosodic knowledge is repre-
sented and how this knowledge is acquired. While there have been several 
studies on the interaction between lexical tone and intonation for Mandarin 
native speakers (Connell et al. 1983; Ho 1976，1977; Kratochvil 1998; Peng 
et al. 2005; Shen 1989，1990; Shih 2000) and on the second language acqui-
sition of lexical tone in Mandarin (Broselow et al. 1987; Chen 2000; Leather 
1990; McGinnis 1996; Miracle 1989; Sun 1998), there is little research on 
whether LI intonation can affect L2 lexical tone. Some studies have spec-
ulated that the errors in the production and perception of lexical tone may 
be attributed to LI intonation transfer (Chiang 1979; White 1981), but a 
comprehensive literature review has not found any experimental study to 
test these claims. This study attempts to address this gap by conducting 
an experimental investigation of lexical tone production and perception in 
two different intonational contexts on learners of Mandarin from different 
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LI backgrounds (English and Japanese). The results show no correlation 
between either perception or production of lexical tone and intonational con-
text. While acknowledging that more studies are needed to verify the results, 
this thesis claims that lexical tone and intonation operate independently of 
each other in second language acquisition. The majority of errors in acquir-
ing a lexical tone language does not come from LI transfer but, instead, 
factors from within the L2. Moreover, the acquisition of tone as a phonemic 
feature supersedes intonation. It is, in fact, acquisition of intonation not 








互動的研究(Connell et al. 1983; Ho 1976, 1977; Kratochvil 1998; Peng et al. 
2005; Shen 1989, 1990; Shih 2000)和關於對第二語言習得普通話的聲調的研 
究(Broselow et al. 1987; Chen 2000; Leather 1990; McGinnis 1996; Miracle 
1989; Sun 1998)，但卻有很少探討LI的語調會否影眷L2的聲詢。一些研 
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It is common to hear second language learners of Mandarin bemoan the 
difficult process of acquiring lexical tone. In the following passage from "Why 
Chinese is So Damn Hard," Moser (1991)^  cites lexical tone and the influence 
of LI intonation as one reason why learning Mandarin is especially difficult 
for non-native speakers: 
By itself, this property of Chinese [lexical tone] would be hard enough; 
it means that, for us non-native speakers, there is this extra, seemingly 
irrelevant aspect of the sound of a word that you must memorize along 
with the vowels and consonants. But where the real difficulty comes in 
is when you start to really use Chinese to express yourself. You sud-
denly find yourself straitjacketed—when you say the sentence with the 
intonation that feels natural, the [lexical] tones come out all wrong. For 
example, if you wish to say something like "Hey, that's my water glass 
you're drinking out of!," and you follow your intonational instincts -
that is, to put a distinct falling tone on the first character of the word 
for "my" -you will have said a kind of gibberish that may or may not 
be understood. 
1 Despite the title of his essay, Dr. David Moser is highly proficient in Mandarin. 
Among his many notable achievements, he has worked on translation projects at Beijing 
University and China Central Television (CCTV). 
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As Moser notes, the beginning student of Mandarin must first understand 
that pitch is used to contrast lexical meaning in Mandarin. So the word md 
with high level pitch means 'mother' while the word md with falling pitch 
means 'to curse.' This use of pitch in Mandarin is just as important for 
distinguishing words as vowels (Surendran and Levow 2004). In other words, 
the learner of Mandarin must realize that the difference between md 'mother' 
and md 'to curse' is akin to difference between the English words 'beat' and 
'bet'. In phonology, the use of pitch for lexical contrasts is known as lexical 
tone.2 Lexical tone is one particular case of tone in language. 
Tone is not limited to lexical tone; it also plays a part in intonation. All 
languages that have been investigated can be said to have intonation in some 
form or another (Bolinger 1964), but not all languages have lexical tone. 
English, for example, does not have lexical tone. The English word 'cat' 
can be uttered with a high level pitch, rising pitch, or falling pitch and it 
still refers to the small, adorable four-legged creature. Some might point out 
that the pitch contour of a word like 'protest' can disambiguate its use as a 
noun or verb. In fact, it is the lexical stress and not the pitch contour which 
distinguishes the two forms. Though these two features interact with each 
other, they are independent (i.e. stress does not entail a particular pitch). 
This point will be revisited in more detail in Chapter 2. 
Japanese, on the other hand, is prosodically-speaking in between Man-
darin and English. The Japanese lexicon is partially specified for tone. For 
2 Lexical tone is also abbreviated by many linguists as simply 'tone'. However, this 
thesis uses the term tone to include all linguistic uses of pitch including intonation and 
accent as well as lexical tone. When referring specifically to phonemic use of tone, the 
more explicit term 'lexical tone' will be used. 
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example, the Japanese word a'me with falling pitch following the first syllable 
means 'rain' but ame with no falling pitch means 'candy.' However, Japanese 
is unique from Mandarin because only one syllable in a word can carry tone 
and there is only one pitch contour (i.e. falling pitch). Mandarin, on the 
other hand, has tone specified for nearly all syllables. Moreover, there is not 
just one pitch contour but four (i.e. high level, rising, low dipping, falling). 
In conclusion, tone is universal to the postlexical prosody of all languages, 
but only some languages have tone specified in the lexicon. 
1.1 Intonation-lexical tone transfer 
Even though all learners of Mandarin are familiar with tone via their first 
language's intonation, acquiring tone as a phonemic feature in the lexicon 
is still not an easy task for most learners. Figure 1.1 gives White (1981) ’s 
perceptual transcription of (a) typical English learner's production and (b) 
native speaker's production of the Mandarin sentence Ni ydo bu ydo chi fan? 
'Do you want to eat?? The grid represents the pitch range of the speaker, 
with the lowest line demarcating the speaker's lowest register and the highest 
line corresponding to the speaker's highest register. The notation by White 
uses a line to indicate the pitch shape of the stressed syllables and single 
dots to indicate the pitch height of unstressed syllables. White transcribes 
the English learner's sentence as starting at a mid-low register with a rising 
pitch on the last stressed syllable chf‘eat) and the final unstressed syllable fan 
3 This thesis uses Hanyu pinyin to transcribe Mandarin utterances. The four lexical 
tone categories of Mandarin are denoted by diacritics: high ("), rising (')，low ('), and 
falling (、). 
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* M ySo My ad ohtfbi? 
M y^ bdyad ohtfbn? 
you want NEG-want eat-rice 
Do you want to eat? 
Figure 1.1: Perceptual pitch transcription of (a) an English learner of Man-
darin and (b) native speaker uttering the sentence Ni ydo bu ydo chi fan? 
'Do you want to eat?' (White 1981) 
'rice' in the speaker's mid-high register. For the native production of the same 
utterance, White transcribes the citation pitch shape^ for the lexical tones 
of the Mandarin sentence. White (1981) claims that the English learner's 
production of the sentence in Figure 1.1(a) is not a arbitrary and deficient 
attempt at producing Mandarin lexical tones but is in fact a predictable 
result of the English intonational system. 
4 The low dipping tone on m ‘you’ is partially modified from its citation form. The 
citation form starts at the mid-low register, falls to the lowest register, and then rises 
to the mid-high register. But when the low dipping tone is followed by another non-low 
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Figure 1.2: Fq contour of English polar question 'Do you want to eat?' 
White (1981) draws particular attention to the rising pitch at the end of 
the utterance. This pitch shape is remarkably similar to the pitch shape of 
English polar questions, as seen in the pitch track of the English sentence 
'Do you want to eat?' in Figure 1.2. The utterance starts with a low level 
pitch shape and rises on the last stressed syllable. From this evidence White 
concludes that the learner's production of tone in Figure 1.1(a) is derived 
from their English intonation and not the lexical tones of Mandarin. That 
is, the English learner transfers their prosodic knowledge of English to their 
developing grammar of Mandarin (i.e. Mandarin interlanguage). 
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Wode Tfiu~shl xidode, tade sW.sTi^”d^de. 
I-POSS book be srtiall-PART he-POSS book be large-PART 
My book is small, his book is large. 
⑶〒--六7——V\ 
* WodesMiH jiMoytddeshl xtnde 
VMe sMshl jiMej Tade sJuishl xtnde 
I-POSS book be old-PART he-POSS book be new-PART 
My book is old, his book is new. 
Figure 1.3: Perceptual pitch transcription of (a) an English learner of Man-
darin and (b) native speaker uttering the sentence Wd-de shu shi xido-de, 
td-de shu shi dd-de 'My book is small, his book is big’ (White 1981) 
White (1981) notes that a more readily observed problem in English 
learner's production of Mandarin lexical tones is the partial transfer of En-
glish intonation. Figure 1.3 presents White's perceptual transcription of two 
Mandarin sentences that are both similar in their construction: two clauses 
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with contrastive meaning. The lexical tones of the sentence (a) W6-de shu shi 
xiao-de, td-de shu shi dd-de 'My book is small, his book is big' are produced 
with native-like pitch shape. Sentence (b) is identical to (a) except for the 
change in the adjectives: xido 'small' is replaced with dd 'big' and jiu 'old' 
replaced with xm 'new'. The English learner's production of pitch for (b) is 
not native-like precisely on these adjectives. Instead of producing a falling 
and high level pitch shape on these adjectives, the learner produces a ris-
ing and falling pitch shape. White (1981) claims that the non-native falling 
pitch shape on xm is a result of transferring the patterns of prominence from 
English to Mandarin. For both sentences, the contrastive meaning of the two 
adjectives leads the learner to put prominence on these words. In English 
prosody, prominence at the end of a declarative sentence is realized by falling 
pitch. In sentence (a) where the last adjective dd 'big' has underlying falling 
lexical tone, the learner's use of falling pitch shape happens to be consistent 
with the native speaker's production. So the transfer of English prosody here 
actually helps the learner attain native-like performance. But in sentence (b) 
the lexical tone of the last adjective xm should have high level pitch shape and 
the learner's transfer of marking prominence with falling pitch from English 
interferes with native-like production. 
Chiang (1979) also observes similar problems in English learner's produc-
tion of Mandarin lexical tone. The sentence in (1.1) with high level lexical 
tone on the last syllable shu 'book' is produced with falling pitch on the final 
syllable by the English learner (i.e. shu 'tree'). The result is that the mean-
ing of the sentence changes and becomes the sentence seen in (1.2). However, 
if the final lexical tone has a falling pitch contour as seen in sentence (1.3), 
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then the English learner will not have difficulty producing the lexical tone 
correctly. Chiang (1979), like White (1981), attributes these errors to the 
influence of English intonation. Specifically, Chiang attributes these errors 
to the falling pitch shape of final syllables in English declaratives. 
(1.1) Nd shi shu 
DEM COP book 
'That's a book.' 
(1.2) Nd shi shu 
DEM COP tree 
'That's a tree.' 
(1.3) Nd shi fan 
DEM COP food 
'That's food.' 
1.2 Unresolved issues of intonation-lexical tone 
transfer 
There are both unresolved theoretical and empirical issues with White (1981) 
and Chiang (1979)'s analysis of the above errors as LI intonation transfer. 
The chief theoretical problem is the lack of an explicit and unified represen-
tation for lexical tone and intonation. Previous studies like White (1981) and 
Chiang (1979) have depended solely on the acoustic similarity of the pitch 
shapes between English intonation and Mandarin lexical tone to analyze the 
errors as LI intonation transfer. By assuming that acoustic similarity of the 
pitch shapes leads to transfer, White (1981) and Chiang (1979) are essen-
tially adopting a behaviorist view of transfer where articulatory 'habits' are 
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transferred and not linguistic knowledge. If we accept the argument that 
behaviorism is untenable in language learning (Chomsky 1959), then the hy-
pothesis of intonation- lexical tone transfer is still lacking a theoretical basis. 
There must be an explication of the prosodic phonology that is assumed for 
the learner's first language and Mandarin itself. Moreover, the phonological 
representation of the two systems must be compatible. Only then can the 
hypothesis of intonation-lexical tone transfer be formalized and explain how 
linguistic knowledge is transferred from the LI to L2. An additional compli-
cation for the case at hand, is the particularly difficult question of how tone 
operating at two different domains in the linguistic system - the utterance 
and the syllable—can interact.^ 
The other unresolved issue for the intonation-lexical tone transfer hypoth-
esis of White (1981) and Chiang (1979) is the lack of experimental validation. 
It should be possible to demonstrate that a learner's production and/or per-
ception of lexical tone is correlated with intonational contexts. Both studies 
of White (1981) and Chiang (1979) relied on anecdotal evidence and percep-
tual transcription. This evidence is useful for generating hypotheses, but to 
actually test a hypothesis we need experimental data. Experimental tests 
can (1) minimize external factors which may cause spurious data, (2) pro-
vide data that can be analyzed through more objective means like acoustic 
measurements, and (3) allow for the analysis of systematic patterns. The 
distinction between competence and performance errors is particularly rel-
evant to systematic patterns. If the hypothesized patterns in the data are 
5 This question was also raised by (Sun 1998) in a critique of the intonation-lexical 
tone transfer hypothesis. 
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not found to be systematic, then we must either question the hypothesis or 
attribute non-systematic data to performance factors. The second criteria 
that must be met to argue for intonation-lexical tone transfer is a pattern 
of production and perception of Mandarin lexical tone that is unique to the 
prosodic grammar of the learner's first language. For example, Japanese and 
English differ crucially in their intonation patterns for wh-questions. En-
glish wh-questions have a falling pitch shape on final stressed syllables like 
declaratives. But Japanese wh-questions pattern with polar questions and 
have a rising pitch shape on the final syllable (irrespective of stress). So if LI 
intonation transfer is indeed a factor in Mandarin lexical tone acquisition, 
English and Japanese learners should demonstrate different patterns in both 
pitch shape and position for wh-questions in Mandarin. 
1.3 Objectives of this study 
This study attempts to address the aforementioned problems in both its the-
oretical framework and methodological design. To address the lack of a theo-
retical basis for transfer, this study adopts the autosegmental-metrical (AM) 
prosodic theory® pioneered by Pierrehumbert (1980). The AM approach to 
prosody uses both autosegmental and metrical phonology to provide an uni-
fied explanatory model of the linguistic use of pitch. Autosegmental phonol-
ogy views tone as separate from segments: each has their own 'tier.' Tone 
and segments are related to one another through association lines to abstract 
units in the phonological structure (e.g. syllable). AM prosodic theory is 
6 The identifying term 'autosegmental-metrical theory' comes from Ladd (1996). 
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particularly well-suited for this study because it assumes the use of pitch in 
lexical tone and intonation can all be represented as high and low tones in 
a single hierarchical structure. This approach to prosody allows us to de-
scribe the prosody of three very different languages (English, Japanese, and 
Mandarin) in a single framework. Additionally, since AM prosodic theory 
represents both lexical tone and intonation in the same phonological terms, 
intonation-lexical tone transfer in Mandarin learners can be accounted for in 
a principled manner. Transfer is possible through the delinking or linking of 
association lines between the tone tier and units in the prosodic structure. 
The empirical issues previously mentioned are addressed by conducting 
experimental studies on both English and Japanese learners of Mandarin. 
This experimental study samples the speech of a total of six learners under 
the same environment with the same stimulus. This methodology allows for 
a direct comparison of the learner's performance and an objective analysis 
through instrumental measurements. This study of lexical tone in L2 Man-
darin crucially differs from previous studies of Mandarin tone acquisition 
(Broselow et al. 1987; Chen 2000; McGinnis 1996; Miracle 1989; Shen 1989; 
Sun 1998) because it specifically tests learner's production and perception 
of tone with sentence type and stress as the independent variables. Addi-
tionally it is deliberately designed to include Mandarin learners from two 
different native language prosodic systems, Japanese and English. This en-
ables us to address the question of whether tonal patterns in production and 
perception are systematic according to first language intonation patterns. 
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1.4 Hypotheses of intonation-lexical tone trans-
fer in L2 Mandarin 
The hypotheses of this section are based on the theory of language transfer. 
Knowledge from the LI intonation system of the learners is assumed to be 
utilized in acquiring the L2 prosodic phonology. The result of this trans-
fer should be observable in L2 production and perception. In production, 
there should be systematic use of pitch according to their LI prosodic repre-
sentation. In perception, the stance from Broselow et al. (1987) is adopted: 
similarities in the use of pitch between the LI and L2 will facilitate perception 
of lexical tone while difference will interfere with perception. 
The hypotheses of intonation-lexical tone transfer for English and Japanese 
learners differ according to their LI intonation. 
English only has tone specified postlexically in the form of pitch accents 
and boundary tones. Pitch accents are sensitive to stress. The selection 
of these postlexical tones is dependent in part on sentence type and—as a 
whole—form an intonational tune. In English, these tunes are realized as 
rising pitch on final stressed syllables of polar questions and falling pitch on 
stressed syllables of declaratives and wh-questions. 
Japanese has pitch accents specified in the lexicon and boundary tones 
specified postlexically. Unlike English, pitch accents are not dependent on 
the metrical grid. However, boundary tones are still dependent in part on the 
sentence type. The intonational tunes of Japanese declaratives have sentence-
final falling pitch while all questions have rising pitch sentence-finally. 
English and Japanese are crucially different with respect to the position 
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and shape of intonation: (1) pitch movements occur on final stressed syllables 
in English but on final syllables in Japanese (2) wh-questions have falling 
pitch in English but rising pitch in Japanese. These patterns of LI intonation 
lead to four hypotheses that this study sets out to test: 
(1.4) English learners will tend to produce and perceive falling pitch (Tone 
4) on final stressed syllables^ of Mandarin declaratives and 
wh-questions 
(1.5) English learners will tend to produce and perceive rising pitch (Tone 
2) on final stressed syllables of Mandarin polar questions 
(1.6) Japanese learners will tend to produce and perceive falling pitch 
(Tone 4) on final syllables of Mandarin declaratives 
(1.7) Japanese learners will tend to produce and perceive rising pitch (Tone 
2) on the final syllables of Mandarin wh-questions and polar questions 
1.5 Methodology and experimental results 
The experiments of this study consisted of two parts: production and per-
ception. 
The production part first required the subject to read a list of 31 words 
including the eight target words: gdo 'tall', chd 'tea', xiao 'small', rdu 'meat', 
dongxi 'things', fdngzi 'house', jiejie 'elder sister', and didi 'younger brother'. 
7 The status of stress is controversial in Mandarin (Duanmu 2000). This thesis takes 
the position that syllables with underlying lexical tone are stressed and those without are 
unstressed (i.e. neutral tone). The arguments for this position are presented in Section 2.2. 
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This word list data was used to elicit the citation form of the lexical tone 
for each subject which is critical to understanding their developmental stage 
in lexical tone acquisition. The subject was also required to recite a total of 
40 Mandarin sentences: 8 declaratives with relative clauses, 8 simple declar-
atives, 8 polar questions of verb-negation-verb structure, 8 polar questions 
with sentence final particle ma , and 8 wh-questions. Each set of sentences 
utilized the same eight target words given in the word list. The simple 
declaratives, polar questions, and wh-questions contained these target words 
sentence-finally. The declaratives with relative clauses contained the tar-
get words in sentence-medial position. With these stimulus materials, all 
possible permutations between the three sentence types (declaratives, wh-
questions, and polar questions) and two stress patterns (monosyllabic and 
disyllabic with trochaic stress) were represented. These materials were chosen 
specifically to test whether the production of pitch correlates to the sentence 
type according to the hypotheses laid out in the previous section. The target 
words within relative clauses provided additional data on whether errors were 
correlated to the sentence-final position (and presumably intonation-lexical 
tone transfer) or to the lexical tone categories themselves (i.e. independent 
of intonational context). 
The perception part of the experiment utilized nonsense monosyllabic and 
disyliable words of an aspirated voiceless stop with low back vowel (e.g. Ta 
or Pat a) as the target. The first subsection required the subject to listen to 
a total of 24 nonsense words and identify the lexical tones of each syllable. 
The second subsection had the subject listen to the same nonsense words 
in one of five possible frame sentences: simple declarative, polar questions 
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of verb-negation-verb structure, polar questions with sentence final particle 
ma, wh-questions with target word sentence-initially, and wh-questions with 
target word sentence-finally. The subject was asked to identify the lexical 
tones of each syllable in the targeted nonsense word. Like the production 
experiment, these materials aimed to test whether there is correlation of tone 
identification with sentence type or the lexical tone category. 
The results of the production experiment found no statistically significant 
correlation between pitch production and sentence type for any speaker. Like-
wise, the perception experiment showed no correlation between tone iden-
tification and sentence type for any speaker. All subjects except one (E2) 
showed a significant correlation of pitch production / tone identification with 
the lexical tone category. The exceptional subject, E2, showed systematic use 
of pitch but not in accordance with the LI or L2 intonational systems. Lex-
ical tone errors in perception and production were found in all non-native 
subjects. The most common problems were confusion between the lexical 
tone pairs: (1) Tone 1 and Tone 4 (2) Tone 2 and Tone 3. These confusions 
are also common in LI learners and were seen in both Japanese and English 
learners. Thus, it is claimed that the lexical tone errors of this study are best 
understood from factors within the L2 rather than a result of LI intonation 
transfer. 
1.6 Major findings and conclusions 
The results of the experiments suggest, contrary to the prevailing view, that 
LI intonation may not influence L2 lexical tones near the sentence-final po-
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sition. This study claims that postlexical tones do not transfer due to the 
lack of perceived similarity between the LI (English or Japanese) and the 
L2 (Mandarin). Moreover, the witnessed lack of postlexical tones in learn-
ers who have acquired lexical tone is claimed to be due to under-developed 
prosodic structure. The acquisition of lexical tone causes learners to effec-
tively rebuild their prosodic structure form scratch. On the other hand, the 
majority of lexical tone errors witnessed in the data are argued to be due to 
the factors of L2—not LI transfer—as many of these error types were also 
witnessed in native speaker data. Thus, the role of L2 intonation transfer in 
lexical tone acquisition is claimed to be minimal. 
This study is significant as it finds there is no empirical evidence for the 
intonation-lexical tone transfer, contrary the hypothesis of White (1981) and 
Chiang (1979). The analysis contributes to prosodic phonology by suggesting 
that acquisition of intonation for second language learners is elusive due 
to the under-development of prosodic structure. The results of this study-
implies that LI intonation should not be the primary focus when teaching 
languages with lexical tone. Instead there should be more focus on increasing 
the student's awareness of the L2 intonation and its interaction with lexical 
tone. 
1.7 Outline of the thesis 
This section describes the organization of the thesis. Chapter 2 presents a ‘ 
working theory of prosody based on Pierrehumbert (1980)'s autosegmental-
metrical approach and describes the prosody of Mandarin, English, and 
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Japanese in more detail. The current view of second language acquisition 
theory is presented in Chapter 3 and is immediately followed by a review 
of previous studies on second language acquisition of Mandarin lexical tone. 
Chapter 4 outlines the methods used in conducting the experimental studies 
and analyzing the data. The results of the production and perception ex-
periments are presented in Chapter 5. The discussion of these results and 
proposed revisions to the working theory of prosody are given in Chapter 6. 
Chapter 7 summarizes the major contributions of this work and suggests 
directions for future work. 
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Chapter 2 
Background of Mandarin, 
English, and Japanese prosody 
The goal of this chapter is to explain how pitch is used in the target grammar 
that the learners are acquiring, Mandarin, and the prosodic knowledge that 
the learners already have from their LI, Japanese and English. The chal-
lenge of this task is to account for the seemingly very different prosodic 
systems in a single theory of prosody. This task is not only important 
for the aim of linguistics in general (developing a universal theory of lan-
guage) ,but is crucial for investigating transfer between these prosodies. A 
hypothesis of intonation-lexical tone transfer is dependent on the assump-
tion that the prosodic systems of these languages are built upon the same 
building blocks. This chapter first defines the field of prosody and explains 
the autosegmental-metrical approach that dominates current prosodic the-
ory. This is followed with an analysis of Mandarin, English, and Japanese 
prosodies in the autosegmental-metrical framework. 
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2.1 Prosodic phonology 
2.1.1 Defining the components of prosody 
Prosody refers to all the suprasegmental aspects of speech, or, in other words, 
the features that occur at the syllable or mora level and above. Tradition-
ally, suprasegmentals are defined acoustically as fundamental frequency (Fo), 
duration, and intensity with the perceptual correlates of pitch, length, and 
loudness, respectively (Ladd 1996). The phonological features of prosody can 
be roughly categorized into tonal and rhythmic properties of speech. Tonal 
properties include such phonological features as lexical tone, accent, and in-
tonation. All of these features share the same perceptual correlate of pitch. 
Rhythmic properties of prosody include timing, stress, and pauses. These 
rhythmic properties are primarily identified through the acoustic measures 
of duration and intensity.^ This study is concerned with the acquisition of 
lexical tone in Mandarin and, thus, is primarily focused on the tonal features 
of prosody. However, tonal and rhythmic features may interact in speech, so 
rhythmic features of prosody will be discussed when relevant. 
The linguistic term 'tone' has been used by linguists to refer to lexical tone 
specifically and the linguistic use of pitch in general. Although the meaning of 
the two terms overlap—lexical tone is just a particular case of tone—they are 
not identical. Lexical tone is defined as the use of pitch to distinguish lexical 
meaning (Fox 2000). Because lexical tone serves to contrast the meaning 
of words, it is part of the phonemic inventory and is stored in the lexicon. 
Mandarin is a language which has lexical tone. For example, the Mandarin 
1 The Fo track can also be an important cue for identifying stress and pauses. 
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syllable ma with a high level pitch means 'mother' but with a falling pitch 
it becomes a verb meaning 'to curse.' The word 'tone' has also been used to 
refer to all linguistic uses of pitch, i.e. intonation, accent, and lexical tone. 
To avoid ambiguity between lexical tone and the wide-definition of tone, this 
thesis uses the term lexical tone to explicitly refer to the use of pitch to 
contrast meaning.2 When the term tone is used, the wide definition applies: 
it includes the linguistic use of pitch at either the lexical or postlexical level. 
The term 'accent' has been defined in a variety of ways, which has been 
one reason for the great amount of controversy around this prosodic feature 
(Fox 2000). In Fox's historical review, he notes the definition of accent has 
often centered around "a means of making one syllable more prominent than 
others" (2000:116). But this perceptual description has been problematic for 
phoneticians who aim to identify the linguistic use of specific acoustic mea-
sures. Accent defies a simple phonetic description since all three supraseg-
mental features can be employed: frequency, intensity, and duration. Beck-
man (1986) offers a new perspective on accent by arguing that it cannot be 
identified by its phonetic manifestation. Accent, instead, is identified by its 
functional role in organizing an utterance. Beckman categorizes accent into 
two categories: stress-accent and non-stress accent. She cites English and 
Japanese as typical representatives of these two different manifestations of 
accent. English is said by Beckman to have stress-accent because prominence 
is realized with not only a change in fundamental frequency but also duration 
2 Conventionally, the names 'Tone 1', 'Tone 2', 'Tone 3', and 'Tone 4，are used to refer 
to the four lexical tone categories in Mandarin. These names are also used in the thesis 
when referring to a specific lexical tone category in Mandarin. The reader should make 
note that these tone names are not to be confused with the wide-definition of tone as 
discussed here. 
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and intensity. Japanese has a non-stress accent because it is realized solely 
through pitch.3 As for there organizational function, the so-called stress-
accent in English is crucial to the rhythm of the language. In fluent speech, 
the duration between stress-accents is approximately equal and English is 
hence called a stress-timed language. Japanese has accentual phrases identi-
fied through their distinctive pitch pattern (L...H...L by default). Within an 
accentual phrase, there can be at most one non-stress accent. 
Accent can also be considered part of lexical tone or intonation depending 
on whether it refers to tone at the lexical or postlexical level. In Japanese 
accent is specified lexically and can be considered as lexical tone. The dif-
ference between this so-called lexical tone in Japanese and lexical tone in 
Mandarin is that it is highly constrained in Japanese. There is only one 
accent (realized with falling pitch) and it only occurs on some syllables. 
In English, accent has been used to refer to syllable prominence at both 
the foot-level and utterance-level. In attempt to reduce the ambiguity, this 
thesis will refer to prominence at the foot-level as stress and later as pitch 
accents within the intontional system. For illustration of these two types of 
prominence, consider the line in (2.1) from the Shakespearean poem, Richard 
III: 
(2.1) A horse! A horse! My kingdom for a horse! 
There are ten syllables in this line which alternate between a weak-strong 
pattern (as denoted in bold). The weak syllable followed by a strong syllable 
3 This type of accent in Japanese is also sometimes called pitch-accent. This term is 
also used by Pierrehumbert (1980) to refer to tones that align to prominent syllables in 
languages like English. 
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makes up prosodic unit known as a foot. So, we can say there five feet that 
always have a strong syllable on the right side or, in other words, this poem is 
in iambic pentameter. The bold syllables are precisely the stressed syllables. 
There is also another level of prominence that can be perceived when reading 
this line, as seen in example (2.2): 
(2.2) A HORSE! A HORSE! My kingdom for a HORSE! 
This line is comprised of three utterances, according to the punctuation. 
The first two utterances are too short to see a difference between foot-level 
and utterance-level prominence (denoted by small capitals). But in the last 
utterance, the final stressed syllable feels more prominent than the stress on 
king and for. This greater prominence comes from a pitch accent specified 
postlexically. As we will see in the following sections, this utterance-level 
prominence in English is represented as a pitch accent associated to metrically 
strong syllables in terms of Pierrehumbert's prosodic theory. In other words, 
pitch and stress are separable. The choice of the pitch accent on a stressed 
syllable is dependent on the discourse, i.e. determined postlexically. 
Intonation, according to Ladd (1996), has three defining characteristics: 
suprasegmental, postlexical, and linguistically-structured. The first two char-
acteristics are more or less uncontroversial, but the third one requires some 
further justification. 
There has been a continuing misconception that intonation does not be-
long in phonology proper because of its paralinguistic functions (Ladd 1996). 
For instance, emotion can be expressed in intonation with continuously-
varying .parameters. An utterance spoken with high pitch and loudness is 
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perceived as expressing anger. If the utterance is spoken with even higher 
pitch and loudness, then the speaker is perceived to be even more angry. Al-
though the expression of mood is realized through suprasegmental features, it 
is not part of intonation as a phonological concept. The linguistic function of 
intonation does not depend on continuously-varying parameters but, instead, 
depends on structural organization. For example, the difference between a 
declarative and interrogative is categorical. The intonational difference of a 
declarative and interrogative is not represented as degrees of pitch rise but 
as sequences of H(igh) and L(ow) tones associated to units in the prosodic 
structure. Intonation is not just unique to English. All known languages 
are believed to have intonation (Bolinger 1964). Languages with lexical tone 
may employ more lexical devices for expressing sentence mood like sentence 
final particles'^  than those languages without lexical tone (Yip 2002). Nev-
ertheless, systematic use of suprasegmentals at the post-lexical level in tone 
languages still persists as will be seen in the discussion of Mandarin prosody. 
2.1.2 Theoretical basis for intonation and lexical tone 
interaction 
A fundamental issue in this thesis is the theoretical basis for the interaction 
of LI intonation and accent in the acquisition of lexical tone. These prosodic 
features- intonation, accent and lexical tone—are all realized through changes 
in fundamental frequency but their linguistic functions and place in phonol-
ogy are different. Intonation is what distinguishes interrogatives from declar-
4 Note the word 'sentence mood' here refers to the distinction of interrogatives, declar-
atives, exclamations, and so forth, not the speaker's emotional state 
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atives, delimits the ending and continuation of speech, and expresses the 
speaker's mood or attitude towards the topic (Ladd 1996). Intonation is de-
termined post-lexically. Accent gives prominence to syllables and may occur 
in both lexical and postlexical phonology. Lexical accent can be considered a 
special case of restricted lexical tone. Postlexical accent can serve to convey 
information about the status of information in the discourse in languages 
like English (Pierrehumbert and Hirschberg 1990) and, as such, is consid-
ered as part of intonation. Lexical tone, on the other hand, is used only for 
distinguishing lexical meaning and, naturally, is a part of lexical phonology. 
Lexical tone is part of the phonemic representation in the lexicon and belongs 
to a tone bearing unit (TBU) (e.g. syllable or mora). To give a theoretical 
basis for interaction of these different prosodic features, the first issue is to 
explain the phonological representation of intonation and lexical tone under 
a unified framework. 
The different linguistic functions and phonological levels of intonation 
and lexical tone has led to disparate prosodic frameworks. Previously, a 
long-standing issue in the phonological representation of lexical tone was 
whether to use contour tones or only a sequence of level tones. Level tones 
are now generally believed to provide for a superior account of tone sandhi, 
tone spreading, and other tonal phenomenon in both lexical and postlexical 
phonology (see Yip (2002) for a comprehensive review of the evidence for 
level tones). But some well-known approaches to intonation, like the British 
School (O'Connor and Arnold 1961) and the Dutch School (，t Hart et al. 
1990), use contour tones for representing intonation. These schools were de-
veloped based on data from languages without lexical tone (e.g. English and 
24 
Dutch). Additionally, both of these schools focus on developing a perceptual 
description of intonation. In the British School, the aim is not so much as to 
develop a phonological framework of intonation and accent as it is to provide 
an explicit description of attested tunes in a language. On the other hand, 
the Dutch School aims to determine an inventory of perceptually significant 
categories that admittedly may not be phonologically significant. These two 
schools of thought are not appropriate as a prosodic framework for this study 
as (1) their use of contour tone is not consistent with the representation of 
lexical tone and (2) the frameworks are not designed with phonological rep-
resentation in mind. 
These problems can be effectively solved by considering the prosodic 
framework first introduced by Pierrehumbert (1980). Pierrehumbert's work 
grew out of earlier work on autosegmental theory (Goldsmith 1976) and met-
rical phonology (Liberman 1975), hence it has been called the autosegmental-
metrical theory of prosody or more simply AM theory. 
The early version of AM theory was presented by Pierrehumbert (1980) 
to give a phonological representation of accent and intonation in English. 
Pierrehumbert developed her framework of prosody as a structured string of 
high (H) and low (L) tones, known as either pitch accents, phrase accents^ 
or boundary tones. Early AM theory relied on intonational phrases and 
metrical trees for structural organization of tones. Intonational phrases are 
the minimal unit for expressing intonational meaning. The boundaries of 
intonational phrases are considered to be marked by either a pause or syllable 
lengthening. Some examples of intonational phrases from Pierrehumbert 
5 Phrase accents are now more commonly known as phrase tones 
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(1980) are shown in (2.3) - (2.5). 
(2.3) The new version % which is much easier to use % will be on the 
market in 1981. 
(2.4) Three mathematicians % in ten derive a lemma. 
(2.5) This is the cat % that ate the rat % that stole the cheese. 
In English, nonrestrictive relative clauses like that in sentence (2.3) must 
be set off as a separate intonational phrase. Thus the sentence has three 
intonational phrases, marked by a pause at each percentage sign (%). Note 
that if there is no intonational boundary between "version" and "which" then 
the sentence will have a different meaning (i.e. only the easier to use version 
will be on the market in 1981.) Intonational boundaries are not arbitrary 
either. The phrasing in sentence (2.4) is clearly problematic. The intona-
tional boundary would be best placed between "ten" and "derive". This 
also happens to correspond to the boundary of the noun and verb phrases 
of the sentence. But not all intonational phrases necessarily correspond to 
syntactic units. The sentence in (2.5) also has three intonational phrases 
but they do not correspond to its syntactic constituents. The relative clause 
("that ate the rat that stole the cheese") is broken up by an additional into-
national boundary. This issue of exactly where intonational boundaries can 
occur is complex and not the focus of this study. The point to be made here 
is that utterances are divided into intonational phrases and, in most cases, 
correspond to the syntactic structure. 
The metrical representation that Pierrehumbert refers to is based on a 
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baby sitter 
Metrical phonology, in short, claims that prominent syllables are deter-
mined by the relative strength of units in a hierarchical structure. For in-
stance, in the compound word 'babysitter' there are two levels. At the lowest 
level (also known as the foot-level), the first syllable of 'baby' is stronger than 
the other. The stronger syllable (s) is said to be the head while the weaker 
(w) is its sister. The next unit 'sitter' also has the same left-headed pattern. 
At the higher level in the tree (i.e. word-level), the first unit 'baby' is stronger 
than the second unit 'sitter' because of the compound word structure. Thus, 
when considering the whole word, the strongest syllable is 'ba', as it is in the 
head position at both levels. This metrically strong syllable is where a pitch 
accent would align in the AM theory. 
There are three parts to the AM theory: (1) tunes as represented by 
level tone sequences, (2) tune-text association rules, and (3) phonetic re-
alization rules. The representation of tunes, as mentioned before, utilizes 
H and L tones. The tune-text association rules determine how the H and 
L tones are associated to units in the prosodic hierarchy and, thus, their 
co-registration with segments. The phonetic realization rules determine the 
actual Fo contour realized given a particular tone sequence. The last two 
parts of the theory are language-specific and will be discussed in more detail 
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in the following sections on Mandarin, English, and Japanese. 
Boundary Pitch accents Phrase Boundary 
tone accent tone 
l E f 
H*+H-
Figure 2.1: Finite state grammar for generating intonational tunes in English 
(Pierrehumbert 1980) 
The finite state grammar shown in Figure 2.1 shows how the tones and 
their structure is notated. This finite state grammar is said by Pierrehumbert 
(1980) to generate all of the attested tunes of English. The output of the 
finite-state grammar is an optional initial boundary tone, one or more pitch 
accents, and a single phrase and boundary tone at the end of the intonational 
unit. The percentage sign (%)，asterisk (*)，and raised hyphen (—) next to 
the tones indicate their position in the prosodic structure of the utterance. 
Boundary tones must associate to the beginning or end of the intonational 
phrase and are marked with a percentage sign (%). Pitch accents are unique 
from boundary and phrase accents because pitch accents may be monotonal 
or bitonal. There are seven proposed pitch accents in English according to 
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Pierrehumbert (1980).® The alignment of pitch accents in English is depen-
dent on the metrical grid. By the tune-text association rules of English, at 
least one of the tones in the pitch accent must align to a metrically strong syl-
lable. This syllable is indicated with an asterisk (*) following the tone. The 
raised hyphen (~) on the second tone of the bitonal pitch accents indicates a 
tone that may immediately precede or follow the metrically strong syllable. 
Finally, the phrase accent, also denoted by a raised hyphen, associates to 
the intermediate phrase boundary. In phonetic realization rules, it actually 
determines the pitch over the section following the pitch accent and before 
the end of the utterance. The choice of tones in the pitch accent, phrase 
tone, and boundary are all dependent on the discourse in English. These 
factors are discussed in more detail in Section 2.3. 
For clarity, let us see how the AM theory can apply in the intonation 
of an utterance. Consider again the simple English yes-no question 'Do you 
want to eat?' from Chapter 1 where there is no focus on any particular 
word (i.e. read with board focus). Its representation in AM theory is given 
in (2.7). The sentence is made up of a single intonational phrase. The 
metrical grid would mark syllables 'do', 'want', and 'eat' as stronger than 
'you，and 'to，. The last syllable 'eat' is the strongest and thus must carry a 
pitch accent. Consistent with the Fq contour of the sentence, its intonational 
tune is represented as L* H~ H%, where the L* pitch accent aligns with the 
metrically strong syllable 'eat', followed by the H一 phrase accent, and the 
boundary tone H% aligned at the end of the sentence. As will be seen in the 
6 The H*+H一 was later eliminated from AM theory in Pierrehumbert and Beckman 
(1988) due in part to its violation of the Obligatory Contour Principle. Patterns previously-
analyzed as H*+H~ are now represented as separate H* pitch accents. 
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following section on English prosody, this intonation tune is characteristic 
of a neutral English declarative. The tones and their place in the prosodic 
structure can be informally thought of as an 'intonational template.' 
(2.7) 
L* H" H% 
Do you want to eat? 
Research on Japanese prosody by Pierrehumbert and Beckman (1988) 
has led to several notable revisions to Pierrehumbert's original presentation 
of AM theory. Firstly, the binary (headed) trees of metrical phonology are 
replaced with the n-nary trees of prosodic hierarchy in the style of Nespor 
and Vogel (1986). An example of this is shown in the example (2.8) below. 
Although both approaches aim to characterize prosodic structure, the latter is 
preferred by Pierrehumbert and Beckman (1988) for two reasons: (1) explicit 
representation of boundaries and (2) lack of headedness. Unlike metrical trees 
where there can be infinite levels, the prosodic hierarchy has a finite number 
of levels. Each level must demonstrate evidence as a phonological domain. 
For example, the accentual phrase in Japanese is motivated by the low pitch 
at its boundaries and a single pitch accent constraint (all other lexical pitch 
accents are deleted). This implies that boundaries between prosodic phrases 
are explicitly identifiable by type (e.g. intonational phrase boundary). The 
second reason for the using prosodic hierarchy is the lack of headedness. 
Headedness is the basis of metrical theory: a unit is always either stronger or 
weaker than another. This means that each unit has a head. In the prosodic 
hierarchy of Nespor and Vogel (1986), there is no assumption that a prosodic 
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unit must have a head. This lack of headedness means the AM theory has 
greater applicability to languages without stress, like Japanese. 
It is still an open research issue of just how many prosodic units are in 
the hierarchy and whether they can all be considered universal. The prosodic 
units of Japanese according to Pierrehumbert and Beckman (1988) are given 
in (2.8) below: 
(2.8) 
Utterance {v) 
Intermediate Phrase (l) 




The term utterance used here is also known as the intonational phrase. 
But note that not all of these units apply to languages like English and 
Chinese. The accentual phrase and mora are significant for Japanese but 
may be absent or at least dormant in languages like English and Mandarin^ 
The co-registration of tones and segments is possible through the asso-
ciation to a common prosodic hierarchy. For instance, the lexical falling 
pitch accents in Japanese are associated to a particular mora in the prosodic 
7 Yip (2002) argues that the tone bearing unit in Mandarin is the mora. In that case, 
the mora may also be active in the prosodic structure of Mandarin. 
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hierarchy. A falling pitch will be realized on those segments which are also as-
sociated to the same mora. The phrase tones (i.e. H~ and L~) in the revised 
AM theory are also considered properties of phrase nodes in the prosodic hi-
erarchy. Thus, they can affect the phonetic realization of all preceding tones 
in the same phrase. 
Using this AM theory of prosody, the question is now how LI intonation 
and accent can interact with L2 lexical tone. It has already been argued that 
AM theory provides a unified view of intonation and lexical tone because of 
(1) its representation of contour pitch as a sequence of level tones and (2) 
its dependence on a prosodic hierarchy to explicitly define the phonological 
relationship of tones with different linguistic functions. Interaction of the LI 
intonation and L2 lexical tone is thus possible by (1) transfer of L2 postlexical 
tones, (2) linking of these postlexical tones to tone bearing units within the 
L2, and (3) delinking of the lexically-specified tones from the L2. Examples 
of this process in L2 Mandarin for both English and Japanese learners will 
be given at the end of this chapter, after a more detailed presentation of the 
prosodic systems of these three languages. 
2.2 Mandarin prosody 
This section examines the Fq contours of Mandarin lexical tones and intona-
tion. In particular, it examines the interaction of these two prosodic features 
in declaratives and interrogatives. The key point that I will demonstrate is 
the lexical tone contrasts are preserved in Mandarin despite the effects of in-
tonation on the Fo contour. In other words, while intonation also plays a role 
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Name Pinyin Phonetic Phonological Perceptual 
category orthography transcription representation description 
Tone 1 md 55 H High level 
Tone 2 md 35 LH High rising 
Tone 3 md 21(4) L Low dipping 
Tone 4 rrm ^ HL High falling 
Table 2.1: List of the four phonemic tone categories in Mandarin with the 
corresponding Hanyu Pinyin orthography, phonetic and phonological tran-
scriptions, and perceptual description 
in determining the Fq contour, it does not distort the basic Fq contours of the 
lexical tones to the extent that the lexical tone category is unrecognizable. 
Mandarin is said to have lexical tone because pitch is used to contrast 
lexical meaning. There are four lexical tone categories as shown in Table 2.1.8 
The table gives the conventional lexical tone category number, pinyin rep-
resentation, phonetic transcription, phonological representation, and percep-
tual description of each the tones in their citation form^ . Note that the 
conventional phonological representation of Mandarin tones with H and L 
(Yip 2002) is consistent with tone representation of AM theory. In terms of 
tune-text association rules, lexical tones in Mandarin are assumed to asso-
ciate to the syllable in the prosodic hierarchy. The phonetic realizations are 
as follows. Tone 1 in Mandarin has a high level pitch that is produced in 
the speaker's highest register. Tone 2 has a high rising pitch which starts in 
the speaker's middle register and raises to the highest register. Tone 3 has a 
8 The reference of the Mandarin tones by the numbers 1-4 will be used throughout 
the thesis when referring to a tone category. Hanyu pinyin orthography with its tonal 
diacritics will be used when transcribing Mandarin speech. 
9 Citation form means the tone as it is produced in a monosyllabic utterance. 
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standard citation form of a low dipping pitch which starts in the low-mid reg-
ister, falls into the lowest register (usually causing creaky voice), and rises up 
to the mid-high register. Tone 3 also has an alternative citation form where 
the tone starts at the mid-low register and drops to creaky voice. Tone 4 has 
high falling pitch which starts in the speaker's highest register and falls to 
the lowest register. 
The four lexical tones in Mandarin also go through phonetic and phono-
logical changes when produced in utterances longer than a single syllable. 
The most well-known phonological change in Mandarin is the Tone 3 Sandhi 
rule. This rule causes Tone 3 to become Tone 2 when preceding another Tone 
3 within the same prosodic unit (Chen 2000). In addition to Tone 3 sandhi 
there is the Half-third Tone rule where Tone 3 before Tone 1, Tone 2, or Tone 
4 becomes a low dipping tone (phonetically transcribed as 21). As previously 
noted, this half-third tone is the citation form of Tone 3 for some speakers. 
Another lexical tone change involving an allotone is the Half-fourth Tone 
before another tone. In this case, Tone 4 only falls to the middle register 
instead of the lowest register (phonetically transcribed as 53). Tone 2 can 
optionally undergo tone sandhi and become Tone 1 in the word-medial posi-
tion after a preceding Tone 1 or Tone 2 syllable (Chen 2000). Lastly, besides 
tone sandhi rules, there are also selected words like yi 'one', qi 'seven', hu 
'not', etc. that have conditioned lexical tone changes. For these words, the 
underlying lexical tone becomes Tone 2 before Tone 4 but becomes Tone 4 
before Tone 2 or Tone 3. 
Although the vast majority of syllables in Mandarin have underlying tone 
in the lexicon, there is a group of syllables which cannot be categorized into 
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any of the four lexical tone categories. These lexically toneless syllables 
have traditionally been known as 'neutral tone syllables'. For instance, the 
diminutive zi in (2.9), function word de in (2.10)，sentence final particle ma 
in (2.11), and reduplicant di in (2.12) are all examples of common syllables 
that do not have underlying lexical tone. Instead their pitch contour is deter-
mined by the preceding syllable in a disyllabic words (Chao 1968). A neutral 
tone syllable after a Tone 1 syllable as in (2.9) has low pitch (phonetically 
transcribed as 2), after Tone 2 as in (2.10) the pitch reflexively falls back to 
a middle pitch (3), after Tone 3 as in (2.11) the pitch is high (4), and after 
Tone 4 the pitch is low (1). 
(2.9) mdo zi 'kitty' 
(2.10) hong de 'red' 
(2.11) hdo ma '(Is it) OK?， 
(2.12) di di 'younger brother' 
These neutral tone syllables can be considered be unstressed syllables as 
they are mono-moraic and lack lexical tone (Duanmu 2000) • Native speakers 
also readily perceive the difference between these unstressed syllables and 
stressed syllables (e.g. those syllables with lexical tone). Although there have 
been discussions on whether Mandarin has additional levels of stress, they 
remain controversial as native speakers do not have consistent perception of 
stress on words without neutral tone (Duanmu 2000). For the purpose of 
this study, neutral tone syllables will be considered unstressed but there is 
no assumption of an additional level of stress in Mandarin. 
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Figure 2.2: Fq contour of Mandarin utterance Ou ymg md mao mz'Ouying 
pets the kitty' as (a) a statement and (b) an echo question (Peng et al. 2005) 
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While the underlying lexical tones of syllables are a significant factor in 
determining the pitch contour of an utterance in Mandarin, intonation also 
plays a limited role in the pitch contour. Chao (1933) first described the 
interaction of lexical tones and intonation in Mandarin as perceptually being 
"small ripples riding on large waves." Figure 2.2 shows the effect of (a) 
declarative and (b) interrogative intonation on the Mandarin utterance Ou 
ymg mo mao mi 'Ouying strokes the kitty.' This utterance is particularly 
illustrative of Mandarin intonation because the effects of lexical tone are 
controlled: all syllables in the sentence are Tone 1. The two key differences 
between the intonation contours is (1) the higher starting pitch and (2) the 
higher pitch over the final noun mao mi in the interrogative of (b) when 
compared to the declarative of (a). 
These characteristics of interrogative intonation has been verified exper-
imentally by Lee (2005). This study investigated the differences in into-
nation on echo questions, SFP questions, and wh-questions using scripted 
dialogues with native Mandarin speakers. Lee found that questions begin 
on a higher pitch than declaratives. Furthermore, the final prosodic word 
of a polar question undergoes pitch expansion. In wh-questions, Lee found 
that there is a wider pitch range over the wh-word (akin to narrow focus). 
Note that this does not obscure the lexical tones, but actually exaggerates 
the acoustic differences. This finding is also consistent with previous work 
by Shen (1989). Although Lee (2005) does not analyze these findings in 
the autosegmental-metrical framework, it is possible to use this framework 
for representing intonation and lexical tone interaction. The first feature— 
higher initial pitch一can readily be represented in the autosegmental-metrical 
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framework with an initial H% on the left-boundary of the utterance (Peng 
et al. 2005). The second observation of pitch excursion occurs can be repre-
sented as a H~ phrase tone on the prosodic word. In polar questions, this H~ 
phrase tone occurs on the final prosodic word, and in wh-questions it occurs 
on the prosodic word of the wh-word. Thus, Tone 1 syllables in this context 
will be realized higher than those with H~ on the prosodic word. Tone 2 and 
Tone 3 syllables end at a higher pitch while Tone 4 starts from a higher pitch. 
When the prosodic word is not sentence-final (e.g. wh-questions), there is 
also a tendency for pitch range of lexical tones immediately following the 
focused word to compress (Lee 2005; Peng et al. 2005). Since it appears to 
be predictable, this pitch compression is assumed to be part of the phonetic 
realization rule of the H~ tone on the focused prosodic word. 
The effects of intonation in Mandarin can also been seen on unstressed 
syllables. Peng et al. (2005) gives an example of a syntactically ambiguous 
utterance like tdmen bu mai yusdn ma}^ that is disambiguated by prosody 
alone. There are two readings to the sentence: (1) a yes-no question with 
presupposition 'Don't they sell umbrellas?, or (2) statement with explanation 
or matter-of-fact tone as in 'They don't sell umbrellas.' The difference in 
prosody can be seen in Figure 2.3 where the Fq contours of the two readings 
have been plotted and segmented according to the syllables of the sentence. 
The Fo contour in (a) corresponds to the first interrogative reading and (b) 
to the latter declarative. The two readings differ phonetically in that the 
sentence of (a) is in an overall higher register than (b) and the pitch of the 
10 The morpheme-by-morpheme gloss of Tdmen bu mai yusan ma would be ’3P-PL 
NEG buy rain-umbrella SFP' where 3P stands for third person pronoun, PL for plural 
marker, NEG for negation, and SFP for sentence final particle. 
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Figure 2.3: FQ contour of Mandarin utterance Tdmen bu mai yusdn ma as a 
(a) interrogative 'Don't they sell umbrellas?' and (b) declarative 'They don't 
sell umbrellas.' (Peng et al. 2005) 39 
sentence final particle (SFP) ma in (a) rises to the speaker's high register. 
The SFP in (b) however, falls to the speakers' lowest register, evidenced by 
creaky voice. It is important to note that the SFP ma has no underlying 
tone, so lexical tone cannot account for the pitch difference of the SFP in 
(a) and (b). Peng et al. (2005) instead account for this difference between 
interrogative and declarative readings using a H% and L% boundary tone, 
respectively, on the utterance unit in the prosodic hierarchy. 
Statement informaiion 
— Question information 
Fo, Hz Tones 
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Figure 2.4: Mean and time-normalized FQ contour of the four Mandarin 
lexical tones produced sentence-finally in a declarative statement and an 
unmarked question. (Shen 1989) 
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Although we can demonstrate that Mandarin does have intonational 
phonology, intonation in Mandarin does not perturb the pitch contours of 
the lexical tones to the extent that they are unrecognizable. This finding has 
been well-documented through experimental phonetic studies (Shen 1989; Ho 
1977; Lee 2005). Figure 2.4 from Shen (1989) compares the mean FQ con-
tour of the four Mandarin tones in the sentence-final position of declaratives 
and unmarked questions. The lexical tones in unmarked questions一where 
interrogative intonation is used-—are notably higher in pitch than the lexical 
tones in declarative sentences. But the pitch contours of the four lexical tones 
do not differ from their basic shape of high level, rising, low dipping, and 
falling. Shen (1989) concludes that the effect of intonation on lexical tones 
is one of pitch excursion and neutralization. When a rising interrogation in-
tonation contour interacts with a Tone 2 syllable, the ending pitch is higher 
than normal (i.e. excursion). On the other hand, a Tone 2 syllable in the 
falling pitch of declarative intonation ends at a lower pitch than normal (i.e. 
neutralization). But in both contexts, Tone 2 remains a rising tone. In short, 
the pitch range of the lexical tones may change according to the intonation 
but the basic pitch shape of the lexical tone contours remain unaltered by 
the intonational context. 
2.3 English prosody 
This section discusses how pitch is realized in English and represented in its 
prosodic phonology. I will present evidence that pitch is used contrastively 
in English to distinguish declarative and interrogative statements. More 
41 
specifically, the citation form of declarative statements and wh-questions 
are phonologically represented as H* L~ L% and phonetically realized with 
falling pitch on the final stressed syllable. Polar questions in English are 
phonologically represented as L* H~ H% and phonetically realized with rising 
pitch on the final stressed syllable. This prosodic knowledge of English is 
what I argue to be susceptible to transfer when English learners are acquiring 
Mandarin lexical tone. 
English is commonly known as an 'intonational language' in contrast with 
a 'tonal language' like Mandarin (Fox 2000). The purpose of labeling a lan-
guage tonal or intonational has been to distinguish the primary use of pitch 
in the language. In a tonal language, pitch is manipulated to contrast lexi-
cal meaning while in an intonational language pitch to contrast the meaning 
of an utterance (e.g. a declarative vs. an interrogative). But these labels 
of 'intonational language' and 'tonal language' can be misleading in several 
ways. First, as discussed earlier, even languages with lexical tone like Man-
darin have intonation. There is no mutually exclusive relationship between a 
language with lexical tone and a language with intonation. Second, the cur-
rent linguistic evidence shows that all languages have intonation (Bolinger 
1964). Thus, calling English an intonation language lacks substantive mean-
ing. Lastly, these labels can lead to the mistaken impression that intonation 
plays a bigger role in English than Mandarin. There is no reason to believe 
that intonation is any less important in Mandarin than it is in English. As 
discussed in Section 2.2, there are sentences in Mandarin which are solely 
contrasted in meaning by intonation alone. 
The core issue in discussing English prosody for this study in particular 
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Figure 2.5: FQ contours of the English name 'Anna' read as a (a) declarative 
and (b) interrogative 
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is to understand how intonation and accent are structured and the role of 
pitch in intonation. English uses pitch to distinguish between sentence types. 
Figure 2.5 shows the FQ contour of a single-word utterance 'Anna' when read 
as (a) a declarative statement and (b) as a yes-no question. Both readings 
have the same stress pattern: the first syllable 'An' is stressed and the second 
syllable 'na' is unstressed. In the declarative reading of 'Anna' shown in part 
(a), the Fo contour starts high and begins to fall in the second syllable to a 
low final pitch. The interrogative reading of 'Anna' in (b) has an FQ contour 
that begins low and starts to rise in the second syllable to a very high final 
pitch. These are what I shall call (prosodic) citation forms of declarative 
statement and polar question^ . Wh-questions also have the same sentence-
final intonation pattern as declarative statements as seen in the FQ contour 
of 'Who is Anna?' in Figure 2.6. The only notable difference between the 
wh-question and declarative intonation is the additional pitch accent on the 
focused wh-word. Nevertheless, the wh-question still has falling pitch on the 
final stressed syllable as seen in the declarative intonation. 
The key phonological aspect that distinguishes these two types of in-
tonation patterns in Figure 2.5 is the tones that associate to the prosodic 
structure. As seen in the figure, the utterance 'Anna' has are three tones: H 
associated to the stressed syllable 'An' (i.e. H* pitch accent), L associated 
to the intermediate phrase consisting of 'Anna' (i.e. L~ phrase tone), and 
L aligned to the final boundary of the entire utterance (i.e. L% boundary 
11 This is also known as broad focus, as contrast to narrow focus (Ladd 1996). If narrow 
focus is used, the pitch accent may become one of the bitonal pitch accents instead of a 
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Figure 2.6: Fq contour of English wh-question 'Who is Anna?' 
tone) 12 . These are the tune-text association rules of English. In declaratives 
where there is no focus on a particular word (also known as broad focus), 
the pitch accent has a high tone (H*) while polar interrogatives have a low 
tone (L*). The phonetic realization of H* L~ is falling pitch on the primary 
stressed syllable of the declarative. The final low ending pitch is the phonetic 
realization of the L% boundary tone. For polar interrogatives, the phonetic 
realization of L* H— is rising pitch. The H% boundary tone also is realized 
with an additional rise in pitch. These two tunes represented as H* L~ L% 
and L* H_ H% act as 'intonational template' on neutral declaratives and 
polar questions in English. That is, in a longer utterance, the tones remain 
12 Refer to Section 2.1.2 for an overview of the autosegmental-metrical approach which 
is used here for phonological analysis of English prosody 
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the same but the position of the pitch accent may change according to the 
location of the stressed syllable. 
The choice of tones in an English tune is claimed by Pierrehumbert and 
Hirschberg (1990) to reflect the meaning of the utterance within the dis-
course. The pitch accent is determined by the status of that information in 
the discourse. A H* pitch marks new information in the discourse, while a 
L* pitch accent marks salient information which is already mutually shared 
by the interlocutors. For example, in the simple declarative "The bus leaves 
at eight", the time when the bus leaves is new information and has a H* 
pitch accent in a citation form reading. In a wh-question like "What is a 
whippersnapper?" the word "whippersnapper" is new information to the 
discourse. But a polar question is different because the information has al-
ready been established and, instead, the speaker is eliciting further comment 
on it. For example, in the question "Do you like Amy?", the person "Amy" 
is the highlight of the discussion but must have been already established. 
Thus, it receives a L* pitch accent. Besides the pitch accent, the tone of the 
phrase boundary indicates whether the phrase is part of the composition of 
a larger utterance (H一）or stands alone (L~). The boundary tone indicates 
whether it should be interpreted in reference to the next item in the discourse. 
An H% boundary tones marks the utterance as "forward-looking" while L% 
boundary tone means that all the relevant information to the utterance is 
already in the previous discourse. A simple declarative or wh-question does 
not depend on further information for interpretation so they are marked with 
L~ L% while a polar question critically depends on the next utterance and 
is marked as H— H% (assuming citation form). The interested reader may 
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refer to Pierrehumbert and Hirschberg (1990) for a comprehensive discussion 
of how pitch accents other than H* and L* are used in English intonation. 
While the pitch contours of neutral declaratives and interrogatives in En-
glish have the phonological representation of H* L_ L% and L* H_ H% 
respectively, they can vary in the exact phonetic manifestation due to the 
position of primary stress and thus the placement of pitch accent. For exam-
ple, Figure 2.7 shows two declarative sentences 'Anna made the marmalade' 
which differ in the placement of the H* pitch accent. In part (a) of the fig-
ure, the word 'Anna' is emphasized and carries the H* pitch accent. Here 
the speaker treats Anna as the new information which would be a typical 
intonation pattern for this sentence in answer to the question 'Who made 
the marmalade?' Part (b) of Figure 2.7 has primary stress on the first syl-
lable of 'marmalade'. This sentence could be the response to the question 
'What did Anna make?' where 'marmalade' is considered the new infor-
mation. These sentences illustrate that the steep falling pitch associated to 
English declaratives and wh-questions is not necessarily limited to the final 
word of a sentence. However when there is no narrow focus on a particular 
word, the pitch movements are relegated to the primary stressed syllable of 
the final word in the utterance. 
The steep falling pitch seen in a declarative is a "side-effect" of the H* 
pitch accent and following L— phrase tone. Likewise, the steep rising pitch 
in interrogatives arises from the L* pitch accent followed by H— phrase tone. 
In sum, the consistent observation seen across English declaratives is steep 
falling pitch on the stressed syllable with a low final pitch at the end of the 
sentence. In interrogatives there is steep rising pitch on the stressed syllable 
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Figure 2.7: FQ contours of English sentence 'Anna made the marmalade' read 
with emphasis on (a) Anna and (b) marmalade 
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which ends on a high pitch sentence-finally. 
2.4 Japanese prosody 
This section discusses Japanese prosodic phonology and, in particular, the in-
tonation of Japanese interrogatives and declaratives. Like English, Japanese 
uses pitch to distinguish declarative and interrogative statements. But unlike 
English, the Japanese intonation of both wh-questions and polar interroga-
tives has a high boundary tone (H%). Only Japanese declarative statements 
end with a low boundary tone (L%). This difference in LI prosodic knowledge 
implies that Japanese learners of Mandarin will have a different distribution 
of lexical tone production across sentence types compared to English learners, 
if prosodic transfer is indeed a factor in tone acquisition. 
Japanese prosody has often been described as a prototypical 'accentual 
language' (Beckman 1986). The proprieties of accent in Japanese which 
gives it this unique classification is the lexical specification of accent and its 
realization through pitch alone. Accent is lexcalized in Japanese which means 
that accent alone can differentiate two lexical items. Figure 2.8 from Venditti 
(2005) shows the FQ contours of a minimal pair in Japanese where accent 
disambiguates the two meanings. Part (a) shows the unaccented phrase 
uerumono meaning 'the ones who are starved' has a distinctively different FQ 
contour than ue，rumono meaning 'something to plant'. A word with no pitch 
accent like uerumono in (a) has a default FQ contour starting with a rise to a 
high pitch and then gradually drifting downwards. If there is a pitch accent, 
this default FQ contour is interrupted with a falling pitch and then remains 
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Figure 2.8: FQ contours of Japanese phrases (a) uerumono 'the ones who are 
starved' and (b) ue 'rumono 'something to plant' from Venditti (2005) 
low until the end as seen in part (b) of Figure 2.8. These two patterns 
are phonologically represented as L% H— L% and L% H+L L% respectively. 
When there is no lexical pitch accent (e.g. part (a) of Figure 2.8), the tune-
text association rules are as follows: a L% boundary tone associates to the 
beginning of the accentual phrase, a H~ accentual phrase tone associates 
to the second mora, and a L% boundary tone at the end of the accentual 
phrase. The phonetic realization of these associations is a rise in pitch from 
the first to second mora and then falling pitch across the remainder of the 
accentual phrase. When there is a lexical pitch accent, the H_ phrase tone is 
blocked by the pitch accent and does not associate to the second mora. The 
L% boundary tones, however, still associate as previously discussed. The 
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phonetic realization rules of the H+L pitch accent cause a steep falling pitch 
on the second mora as seen in part (b) of Figure 2.8. Note that there is 
only one pitch accent in Japanese, namely the falling accent represented by 
H+L.13 Unlike English pitch accents which are also accompanied by other 
phonetic correlates of prominence (e.g. duration and intensity), the Japanese 
pitch accent is cued only by pitch.^^ Thus, the Japanese pitch accent is 
different from English in linguistic function as it only differentiates lexical 
meaning. On the other hand, English has multiple pitch accents which allows 
the speaker to choose different pitch accents to convey different meanings at 
the utterance level (Pierrehumbert and Hirschberg 1990). For example, an 
English speaker may use L+H* pitch accent on 'didn't' to convey disbelief 
in the sentence 'Anna didn't make the marmalade?!'. 
Since Japanese only has a single lexically-specified pitch accent, the into-
nation contours of Japanese are more limited than English. The utterance-
level meanings that are conveyed through pitch accents in English are instead 
limited to phrase and boundary tones in Japanese (or non-prosodic features). 
When comparing a neutral declarative statement with the corresponding in-
terrogative form, the FQ contour remains the same except sentence-finally. 
Figure 2.9 shows the FQ contour of a Japanese utterance Mootyo，tto migigawa 
ga sagerare ru ‘The right side might be lowered' given as a statement (dashed 
line) and a question (solid line) (Pierrehumbert and Beckman 1988). The FQ 
13 Pierrehumbert and Beckman (1988) note that the Japanese pitch accent may have a 
structure like English where one tone is stronger than the other (i.e. H* is stronger than 
L- in H*+L-), but this is still under investigation. For now I will refer to the Japanese 
pitch accent as H+L. 
14 As discussed in Section 2.1.2，this difference between accent in Japanese and English 
can be explicitly discussed using the terms non-stress accent and stress accent, respectively. 
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Figure 2.9: FQ contours of Japanese utterance Mootyo'tto migigawa ga sager-
are，ru 'The right side might be lowered a bit' in declarative (dashed line) and 
interrogative contexts (solid line). The apostrophe (') in the transcription in-
dicates the preceding syllable is accented.(Pierrehumbert and Beckman 1988) 
in the final syllable of the interrogative rises steeply, while the pitch between 
the final two syllables in the declarative falls to the speaker's lowest register. 
In the AM approach, the contrast between an interrogative and declarative 
sentence in Japanese is represented by a L% and H% boundary tone at the 
end of the accentual phrase and utterance, respectively. This rising pitch on 
questions thus comes from this sequence of L% and H% boundary tones. This 
rise is found on both wh-questions and polar questions (Pierrehumbert and 
Beckman 1988). There are also sentence final particles in Japanese which 
can mark interrogatives {ka in polite speech and no in colloquial speech). 
Regardless of the existence of sentence final particles the boundary tones re-
main and so the steep rising pitch of interrogatives still invariably occurs on 
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the final syllable (Abe 1998). 
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Figure 2.10: FQ contours of the Japanese utterances Mootyo’tto migigawa ga 
agerareru 'The right side could be raised a bit?' and Mootyo 'tto migigawa ga 
sagerare ^ ru 'The right side could be lowered a bit?' in interrogative contexts. 
The dashed line indicates the interrogative with the unaccented verb ager-
areru 'could be raised', the solid line represents the accented verb sagerare'ru 
'could be lowered'. (Pierrehumbert and Beckman 1988) 
The patterns of falling declarative intonation and rising interrogative in-
tonation in Japanese are consistent regardless of where lexical accent falls. In 
Figure 2.9, the lexical pitch accent falls on the mora preceding the final sylla-
ble. But even without a preceding pitch accent, the rise of the interrogative 
and the fall of the declarative still occurs. This can be seen in Figure 2.10 
from Pierrehumbert and Beckman (1988) which shows the FQ track of two 
interrogatives that differ only in the final word: the dashed line indicates an 
interrogative with an unaccented verb agerareru 'could be raised' and the 
solid line indicates one with an accented verb sagerare'ru 'could be lowered'. 
Although the existence of a sentence-final pitch accent does result in a lower 
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final ending pitch for interrogatives,^^ the final syllable still has a steep rising 
pitch. Likewise, Abe (1998) notes the final syllable in Japanese declaratives 
has falling pitch regardless of whether it is preceded by a falling pitch accent 
or not. Of course, like interrogatives, a sentence-final pitch accent causes 
the pitch of the final syllable to be even lower. Still the falling pitch of 
declaratives is attested regardless of the existence of a falling pitch accent. 
2.5 Summary of prosodic similarities and dif-
ferences 
Table 2.2 summarizes the key prosodic features and their place in phonology 
for Mandarin, English, and Japanese. The first major point seen in the com-
parison of these three languages is that the use of pitch in Mandarin is highly 
constrained due to lexical tone. While all three languages have intonation, 
the intonation of Mandarin must operate so that contrast of lexical tones is 
preserved. Although we see evidence for boundary tones in Mandarin due 
to pitch effects on lexically-toneless sentence final particle ma, the bound-
ary tone cannot distort the basic FQ contours of lexical tone. Additionally, 
there may be phrase tones in Mandarin from the evidence of pitch excursion 
on the final prosodic word of utterances (Lee 2005), but still lexical tone is 
preserved. English and Japanese are distinctly different from Mandarin with 
regards to tonal prosody as they do not have true lexical tone. Japanese 
15 The H+L pitch accent in Japanese lowers the pitch of following syllables until there 
is a pitch accent (i.e. end of an intermediate phrase). This is accounted for by a phonetic 
realization rule of catathesis within intermediate phrases (Pierrehumbert and Beckman 
1988). 
54 
Phonological level Mandarin English Japanese 
Lexical Tone Stress Tone (partial) 
Stress 
Postlexical Boundary tones Boundary tones Boundary tones 
Phrase tones? Phrase tones Phrase tones 
Pitch accent 
Table 2.2: Key tonal prosodic features of Mandarin, English, and Japanese 
does have partial lexical tone, but as noted before it is different from Man-
darin because only some syllables carry lexical tone and there is only one 
pitch shape (i.e. falling). Thus, we see that English and Japanese intonation 
are not as constrained as Mandarin. At the sentence-final position there are 
significant pitch changes that correspond to sentence type. 
The major point of this chapter has been to present a unified view of 
the tonal prosody of these languages in a single theoretical framework. This 
has been achieved through the autosegmental-metrical theory pioneered by 
Pierrehumbert (1980). We have seen that intonation and lexical tone can 
be represented using three components: (1) high and low level tones (H 
and L), (2) association rules for the tones to link to units in the prosodic 
hierarchy (e.g. pitch accents in English align to metrical strong syllables), 
and (3) phonetic realization rules which determine the actual FQ contour 
arising from the phonological representation (e.g. L% on the accentual phrase 
and H% on the intonation phrase in Japanese is realized as rising pitch). 
This theory gives us the apparatus for hypothesizing intonational transfer 
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a a a a a a a syllable 
L H L H L L L LH tone tier 
Li Si zM nar mai fang zi segmental 
tier 
Figure 2.11: Representation of lexical tones in Mandarin wh-question Lt Si 
zai nar mai fang zi? 'Where will Lisa buy a house?' 
from Japanese and English to L2 Mandarin. Intonational interference in 
lexical tone acquisition can be specifically described as the transfer of tones, 
association rules, and phonetic realization rules from the LI to L2. 
Using this AM approach, we can now create a working theory of transfer 
as described by White (1981) and Chiang (1979) (to be revised as needed ac-
cording to the data). Let us consider how to represent LI intonation transfer 
in the Mandarin sentence Li Si zai nar mai fang zi? 'Where will Lisa buy a 
house?' for an English learner. The representation of this utterance before 
postlexical phonology is shown in Figure 2.11. As mentioned in the previous 
section on Mandarin prosody, native speakers should have a H一 phrase tone 
on the wh-word nar 'where'. This postlexical tone is phonetically realized as 
a overall pitch raise on nar followed by pitch compression on the following 
syllable mai 
Now let us consider how non-native speakers may construct the postlex-
ical prosodic structure of this Mandarin utterance. As an initial state of 
acquisition in this study, we assume that the learner has acquired lexical 
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tone in Mandarin (i.e. their representation before postlexical phonology is 
the same as Figure 2.11). If there was postlexical transfer of tones, the 
English learner of Mandarin would transfer the postlexical tones of an En-
glish wh-question (H* L— L%) to the Mandarin sentence as diagrammed in 
Figure 2.12. The transferred postlexical tones are in bold. The text-tune 
association rules and phonetic realization rules are also assumed to transfer. 
According to the text-tune rules of English, the pitch accent aligns to the 
metrically strong syllable fang, causing delinking of its lexical tone.^ ® Also 
by the text-tune rules of English, the phrase tone L~ and boundary tone 
L% associate to the intermediate and utterance units, respectively, in the 
prosodic hierarchy. This process of linking and delinking is shown using the 
conventions of autosegmental phonology. Delinking is denoted by two lines 
across the association line and linking by dotted lines. The final and key 
process is the phonetic realization rules. The English learner is assumed to 
follow the rules of English, which means that the H* on fang and its following 
phrase tone L_ will be realized as a falling pitch. Note that this is contrary 
to the realization of an H tone on a syllable in native Mandarin phonology: 
it should be realized as a high level pitch. The reader is reminded that not 
only postlexical tones are assumed to transfer but also the tune-text associ-
ation and phonetic realization rules. Thus, the transferred postlexical tones 
are realized according to the phonetic realization rules of the LI and not 
the L2. With this LI intonation transfer, the resulting falling pitch on the 
final syllable caused by a H* L~ representation is ambiguous with the falling 
16 The association line above zi indicates the association of segmentals to a syllable. 
There is no association to a tone, thus there is no violation of the constraint on association 
lines within a tier crossing (Goldsmith 1976). 
57 
V utterance 
I I I intermediate 
/ A A \ \ — s e 
CO CO O； CJ O) \ word A I I I A W 
a a a a a a a \ \ syllable 
上.... \ \ 
=•••••••. \ \ 
b-:.…J」 
L HLHL L L LH H L L tone tier 
Li Si zki nar mai fang zi segment'^ 
tier 
Figure 2.12: Transfer of LI English intonation in L2 Mandarin wh-question 
pitch from an HL representation in the native Mandarin phonology. Namely, 
a Tone 2 syllable is perceived to be produced as a Tone 4 syllable despite the 
difference in the underlying representations. 
Compare this process of LI intonation transfer to a Japanese learner. At 
the end of a wh-question, the Japanese learner transfers the postlexical tones 
from the accentual phrase and end of the utterance (H~ H% This 
transfer of tones is shown in Figure 2.13. The H~ accentual phrase tones 
associates to the second mora (i.e. the end of fang) and causes delinking 
of the lexical tone. The H% and L% tones link to the end of the accentual 
phrase and utterance, respectively. The phonetic realization rules of Japanese 
dictate that there will be a rising pitch across the final syllable (i.e. zi) due to 
the sequence of L% and H% boundary tones. This rising pitch from L% and 
17 There may be other effects of postlexical transfer in other positions in the sentence, 
but this study focuses only on transfer at the end of an utterance. 
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V utterance 
I I I intermediate 
丨 ........ phrase 
a a a a accentual 
phrase 
(x) (x) (x) (O (A) word 
八I I I八\\ 
a a a a a cr a 丨丨 syllable 
....... ： •： 
“二 ....... ： ：： 
： 
L HLHL L L LH H L H tone tier 
Li Si zki nar mai fang zi segmental 
^ tier 
Figure 2.13: Transfer of LI Japanese intonation in L2 Mandarin wh-question 
H% is ambiguous with a Tone 2 (LH) on the zi syllable. So, this hypothesized 
transfer will give rise to a perceived lexical tone error: a neutral tone syllable 
becoming a Tone 2 syllable. 
These two examples of transfer demonstrate how the AM approach can 
provide a principled account of the transfer. This working theory of intonation-
lexical tone transfer also claims that the lexical tone errors of English and 
Japanese learners should be different with regards to pitch shape and posi-
tion. 
In the examination of English and Japanese tonal prosody, I have focused 
specifically on the utterance-final patterns across three basic sentence types: 
declaratives, polar questions, and wh-questions. These utterance-final posi-
tions are under focus as they have predictable patterns. Table 2.3 gives a 
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Language Rising Falling 
English Polar questions Declaratives 
Wh-questions 
Japanese Polar questions Declaratives 
Wh-questions 
Table 2.3: Comparison of utterance-final pitch patterns of English and 
Japanese 
summary of the basic utterance-final pitch patterns of Japanese and English. 
English has falling pitch on the final stressed syllable in both declaratives 
and wh-questions, while English polar questions have rising pitch on the 
stressed syllable in the final word. Japanese, on the other hand, has rising 
pitch on not only polar questions but also wh-questions. Additionally this 
rising pitch always occurs on the final syllable. In declaratives, Japanese 
has falling pitch like English. But falling pitch in Japanese declaratives al-
ways occurs on the final syllable and is not dependent on metrically strong 
syllables. These distinctive patterns of pitch in Japanese and English tonal 
prosody provides additional means for testing the hypothesis of intonational 
transfer in lexical tone acquisition. Not only can we test if there is a correla-
tion between utterance-final lexical tones and sentence type, but we can also 




Previous studies of intonation 
and lexical tone acquisition 
This chapter first gives some background on second language acquisition re-
search, and then a critical review of previous studies of L2 Mandarin lexical 
tone acquisition. The goal of the first section is to demonstrate the relevance 
of linguistic theory to the study of second languages and provide a motivation 
for the hypothesis of intonation-lexical tone transfer from the perspective of 
second language acquisition. The second section primarily aims to identify 
the known problems for second language learners in acquiring Mandarin lex-
ical tone and the evidence for intonation-lexical tone transfer in previous 
studies of lexical tone acquisition. 
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3.1 Second language acquisition 
3.1.1 Interlanguage 
This section aims to define the concept of interlanguage and its significance. 
Selinker (1972) first coined the term "interlanguage" to refer to the linguis-
tic system that learners have constructed at any given time during second 
language acquisition. This view of learner's speech abiding by some sort 
of grammar was not unique to Selinker (1972). Nemser (1971) described 
a similar concept which he called "approximative systems" and claimed, 
"Learner speech at a given time is the patterned product of a linguistic 
system... distinct from [LI] and [L2] and internally structured" (p. 116). 
Corder (1971) also put forth the idea of a learner having an "idiosyncratic 
dialect" which has its own grammar albeit different from the target language 
(i.e. L2). Although these concepts are quite similar, Selinker's term interlan-
guage has garnered more currency in the field and will be the termed used 
in this thesis. 
The claim that second language learners have a mental grammar with 
internal structure just as a native speaker does, means that the principles 
of linguistic theory are directly applicable to second language acquisition. 
So just as linguists can create a phonemic inventory for a natural language 
like Mandarin, we can also create a phonemic inventory for the Mandarin 
interlanguage that the non-native learner speaks. In fact, the claim that the 
perception and production of second language learners is based on a linguistic 
system is indispensable if we are to use the theoretical constructs of linguistics 
in studying second language acquisition (Adjemian 1976). Thus, the notion 
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of interlanguage is crucial to studying second language acquisition under the 
principles of linguistic theory. 
3.1.2 Defining transfer 
This section explains the factors involved in the development of interlan-
guage with particular focus on transfer and the constraints that govern it. 
Although interlanguage can be said to be a natural language, this does not 
imply that the acquisition of second languages is equivalent to first languages 
in either the process or the end result. One key difference of a second lan-
guage as opposed to a first language is that the linguistic system of a second 
language can undergo influence from both the L2 and the learner's previously 
acquired languages. This influence, more commonly known as transfer, is the 
result of the learner incorporating linguistic knowledge from their LI to their 
interlanguage. 
Originally, transfer was defined not in terms of linguistic knowledge but 
purely as 'habits' (Brooks 1960). This view came from the prevailing school 
of behaviorism where language was believed to be learnt through a stimulus 
and response mechanism. Where the first language and second language 
were similar, there was positive transfer. Where the two languages differed, 
the LI habits were a source of negative transfer (Lado 1957). Chomsky 
(1959)'s seminal critique of behaviorism- on the grounds that the "stimulus" 
is too impoverished and cannot account for our rich and complex knowledge 
of language”lead to the wholesale rejection of transfer in second language 
acquisition research. 
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Transfer has gradually come back into favor due to its undeniable role in 
second language acquisition. But at the same time, transfer is now acknowl-
edged to be more complex than simply the borrowing of linguistic 'habits.' 
One study which clearly illustrates the importance of transfer is loup (1984)'s 
study of foreign accent identification. loup demonstrated that native speak-
ers can reliably identify different groups of non-native speakers by listening 
to speech samples alone. This finding is hardly surprising to most, as stereo-
types of foreign accents from particular LI backgrounds are abundant in 
popular culture. 
Transfer in the current linguistic literature is discussed in terms of borrow-
ing knowledge rather than solely articulatory habits. This view of transfer 
reflects the modern cognitive approach in linguistics. Such a definition of 
transfer is provided by Faerch and Kasper (1989:112) which states transfer 
is "a psycholinguistic procedure by means of which L2 learners activate their 
Ll/Lni knowledge in developing or using their interlanguage." This defini-
tion of transfer is quite general and doesn't specify exactly what type of LI 
knowledge can be activated on the L2. In the universal grammar approach to 
second language acquisition of syntax, transfer is defined specifically as the 
setting of L2 parameters with the learner's LI values (White 2003). Thus, 
the research questions in L2 syntax focus on what, if any, parameters use 
LI values. White (1985) demonstrated that French and Spanish learners of 
English transfer over their LI parameter setting for null subjects. On the 
other hand, there is evidence that some parameter values may not transfer. 
1 The acronym 'Ln' refers to any other languages that the learner knows, not just the 
first language (LI). 
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Yuan (2001) showed that French and English learners of Chinese have the 
same parameter for verb raising in their L2 Chinese despite have different LI 
values for this parameter. Evidence from studies like Yuan (2001) question 
the stance that the values of all LI parameters transfer to L2 and instead 
suggest that there is only partial transfer in syntax. 
The principles and parameters definition of transfer is not directly amend-
able to the current universalist theory of phonology, Optimality Theory. In 
Optimality Theory, there are no inviolable principles but instead a set of 
universal ranked constraints. The surface realization of the underlying rep-
resentation of a word is the one which violates the least-ranked constraints. 
The differences between languages are explained as the different ranking of 
constraints. So, the learner's task is not to set parameters but to rank these 
universal constraints. Second language acquisition studies of phonology have 
defined transfer in Optimality Theory as the borrowing of the LI ranking 
of the universal constraints. Broselow et al. (1998) assume that the initial 
state of the learner's L2 phonology has the same ranking of constraints as the 
learner's LI. As the learner's L2 develops, the constraint rankings change 
until they reach the target language or fossilize at a non-target ranking. 
At the same time, there is also acknowledgment that transfer may include 
some degree of automaticity in domains like phonology. Jenkins (2000) ex-
plains in the following passage why phonology is more sensitive to automatic 
motor skills than syntax: 
"Once the neurolinguistic phase (which involves the central ner-
vous system, and determines the lexico-grammatical structure of the 
utterance) is completed, the process thence consists of motor commands 
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flowing out through motor nerves to muscles in the speech organs. These 
muscles in turn act upon the air contained within the vocal tract to gen-
erate sound waves, and proceed through proprioceptive feedback loops. 
To this extent, the production of speech sounds is unlike that of lexis 
and syntax, since it does not involve passing messages through the brain, 
but rather the development of highly automatized motor skills and con-
sequently, over time, the formation of LI speech habits which are not 
easily de-automatized in L2." (Jenkins 2000:112) 
In this investigation of transfer from intonation to lexical tone, it is noted 
that both transfer of linguistic knowledge and motor skills may both have 
a part. While the intonation of an utterance is determined in part from 
its lexicogrammatical structure, motor skills play an influential role in its 
phonetic realization. Thus, in this work, a hybrid view of transfer including 
both knowledge and automaticity is assumed. 
3.1.3 Theories of L2 phonological acquisition 
The idea of transfer originated with Lado (1957)'s Contrastive Analysis Hy-
pothesis. As Lado (1957) stated in the beginning of his seminal book: 
"individuals tend to transfer the forms and meanings, and the dis-
tribution of forms and meanings of their native language and culture to 
the foreign language and culture—both productively when attempting 
to speak the language and to act in the culture, and receptively when 
attempting to grasp and understand the language and the culture as 
practiced by natives" (Lado 1957:2) 
This transfer that Lado talks about is what he believed to be the greatest 
source of errors in the learner's production and perception of LI. The Con-
trastive Analysis Hypothesis stated specifically that "those elements that are 
similar to [the learner's] native language will be simple for him, and those 
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elements that are different will be difficult." (Lado 1957:2). Lado believed 
that by examining the LI and L2 language systems, one could actually pre-
dict the errors of a learner. In prosodic phonology, a contrastive analysis 
approach would compare the inventory of tones and their distributions. For 
example, a Japanese learner of Mandarin should find Tone 4 to be easy as 
Japanese has a H+L pitch accent. 
These predictions of difficulty from the Contrastive Analysis approach 
were found to be insufficient for understanding second language acquisition. 
The problem with Contrastive Analysis was that it did not take any other 
factors besides language transfer into consideration. To rectify these prob-
lems, Eckman (1977) later proposed the Markedness Differential Hypothe-
sis. Eckman hypothesized that second language learners will only transfer 
those features of the LI that are less marked than the L2. The definition 
of marked was taken to mean those features which are relatively rare in the 
world's languages. For example, the English interdental fricatives are consid-
ered marked as few languages utilize this place of articulation. As evidence 
to his hypothesis, Eckman cited the case of German learners of English and 
English learners of German. German has a terminal devoicing rule where 
voiced obstruents are devoiced word finally, e.g. /tag/ becomes [tak] while 
English does not have this terminal devoicing rule (e.g. 'tag' and 'tack' are 
two different words). One would expect if transfer is the only factor in second 
language acquisition, both English and German learners would have troubles 
with this difference between their LI and L2. English learners of German 
have to acquire a new phonological rule of terminal devoicing in German and 
suppress the voicing contrast word-finally in obstruents. German learners 
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of English have to suppress their devoicing rule and contrast voiceless and 
voiced obstruents word-finally. However, Eckman (1977) found that English 
learners of German actually readily pick up on the terminal devoicing rule. 
On the other hand, German learners of English have significant difficulty in 
suppressing their devoicing rule in English. In fact, if we look at the distri-
bution of voiced obstruents in the world's languages we see that a voicing 
contrast in all possible positions (word-initial, word-medial, and word-final) 
is relatively rare. It is far more common for languages to not contrast the 
voicing of obstruents. Therefore, Eckman claims that the difficulty for Ger-
man learners of English is due to LI transfer (because lack of obstruent 
voicing is less marked). English learners of German, on the other hand, do 
not have transfer from their LI with respect to obstruent voicing because 
their LI has a more marked feature. 
This idea of markedness playing a role in constraining transfer continues 
even in the current Optimality Theoretic approach to L2 phonology. In Op-
timality Theory, the constraints can be categorized as either faithfulness or 
markedness constraints. Faithfulness constraints work to preserve the under-
lying representation as much as possible, while markedness constraints work 
to reduce marked features. This is not unlike the problem of articulation itself 
where the speaker aims to maintain maximal contrast between sounds but 
also simplify complex articulatory motions. Broselow et al. (1998)'s studies 
of Mandarin learners of English found that markedness constraints of the sec-
ond language can transfer and cause unexpected errors. Mandarin prohibits 
syllable-final obstruents; thus, the markedness constraint N O O B S C O D A is 
highly-ranked in Mandarin. This highly-ranked constraint transfers and re-
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mains highly-ranked in the learner's L2 system. This prevents syllable-final 
obstruents from being realized on surface representations (i.e. the learner 
deletes syllable-final obstruents). However, there is another common error 
seen in Mandarin L2 learners: vowel epenthesis after syllable-final obstru-
ents. This is also due to transfer of a markedness constraint which requires 
words to be bisyllabic WDBIN. In the world's languages, there is a pref-
erence for bisyllabic words. Thus this constraint is motivated by language 
universals but it is not particularly active in Mandarin. Mandarin has many 
monosyllabic words, so it is considered ranked lower than faithfulness con-
straints and has little effect on the native phonology. But this markedness 
constraint that is usually masked in the native language can emerge in the 
L2 English of Mandarin learners. When faced with a monosyllabic word 
with a voiced obstruent, the faithfullness constraints are equally violated for 
candidates with obstruent deletion and vowel epenthesis. The W D B I N con-
straints act to break the tie causing the learner to prefer the candidate with 
vowel epenthesis. This type of error is not predicted by Contrastive Analysis 
Hypothesis or the Markedness Differential Hypothesis. It crucially depends 
on universal principles, demonstrating that transfer alone is not sufficient for 
predicting all L2 errors. 
Besides markedness, it has been well demonstrated that perception of 
similarity plays a role in determining whether a LI feature may transfer to 
the L2. Flege (1995) developed the Speech Learning Model based on the 
theory that new L2 sounds perceived as being similar to an LI sound will 
actually be difficult for the learner to acquire. The learner is hypothesized to 
mistakenly conflate these new L2 sounds as identical to the LI category. The 
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learner will produce this LI sound under the false belief that it is identical to 
the L2 sound. For example, the English learner of Mandarin may mistakenly 
believe the alveolo-palatal fricative is identical to the English alveolar frica-
tive. In fact, these two places of articulation are contrastive in Mandarin. On 
the other hand, a sound which is perceived as very different by the learner 
will actually be acquired much earlier. This is because the learner immedi-
ately identifies the sound as different and constructs a separate category for 
it. This factor of perceived similarity and dissimilarity in transfer has also 
been discussed in studies of lexical translation errors by Kellerman (1979). 
Kellerman showed that perceived similarity between languages led to more 
transfer errors. For example, English speakers are more likely to transfer LI 
knowledge when learning German as opposed to Japanese. This is due to the 
perceived similarity of English and German, and the perceived dissimilarity 
of Japanese and English. 
In conclusion, second language acquisition theories in phonology have 
shown that transfer plays an important role. However, transfer by itself does 
not account for all errors. In fact, unmarked features of phonology are more 
likely to transfer and can even cause errors unattributable to both the LI and 
L2 languages. Lastly, perceived similarity also aids transfer while perceived 
dissimilarity can block transfer. 
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3.2 Comparison of first and second language 
acquisition 
3.2.1 Lexical tone 
In first language acquisition, the acquisition of lexical tone occurs signifi-
cantly earlier than the acquisition of segmentals. In a study of 17 native 
Mandarin-speaking children, Li and Thompson showed that the acquisition 
of lexical tone occurs early on and well before mastery of segmentals. Li and 
Thompson (1977) regularly found cases where children produced a correct 
lexical tone sequence on top of incorrect segmentals. loup and Tansomboon 
(1987) also found the native Thai-speaking children (3;2 and 5;4) demon-
strated full mastery of Thai tones while only having partial acquisition of the 
segmental system. At the same time, loup and Tansomboon observed that 
adult L2 learners acquire prosodic features like lexical tone last. This is fur-
ther evidenced by loup (1984)，s study on foreign accent which demonstrated 
that L2 subjects were readily identified as non-native by their intonation 
while segmental substitution errors were relatively rare. 
A review of lexical tone acquisition studies by Wang et al. (2006) found 
that lexical tone is processed in the left hemisphere by LI subjects. But L2 
subjects whose LI does not have lexical tone tend to process lexical tone in 
the right hemisphere where they also process intonation. This is evidence 
that the acquisition of lexical tone is not identical across LI and L2 subjects 
and may partially explain the delay in lexical tone mastery for L2 subjects. 
Another finding from lexical tone acquisition studies in children is the 
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order of acquisition: single tone sequences (e.g. H or L) are acquired before 
complex tone sequences (e.g. HL or LH) (Li and Thompson 1978). Evidence 
of this ordering in Cantonese is found in Tse (1977) and further confirmed 
by the more recent study of So and Dodd (1995). The data from Cantonese 
also demonstrates that not only are single tone sequences acquired first, but 
there is tendency to acquire higher tones before the lower ones (e.g. high 
rising is acquired before low rising). Hong Kong Cantonese is particularly 
enlightening for studies on lexical tone acquisition as it has six distinct pitch 
contours: high level, mid level, mid-low level, high rising, low rising, and low 
falling (or alternatively low level). Tse (1977)'s longitudinal study based on 
parental diaries from his own son's language development showed that high 
and low level tones were acquired first (1;2 -1;4) during the single word phase. 
In the next stagebut still during the single word phase (1;5 -1;8)—the child 
could regularly produce mid level and high rising tones. In this stage, the 
child's syllable structure also became more developed and included final stop 
consonants. The last tones to be acquired were the low rising and mid-low 
level tones at age 1;9. So and Dodd (1995)'s study included four children 
which showed there are also individual variations in lexical tone development. 
However, the children still invariably acquired level lexical tones first, namely 
high and mid around the ages of 1;4 � 1 ; 5 . The high rising was acquired 
shortly after (1;6 � 1 ; 7 ) . As syllable structure became more complex (1;7 
�1;11)，the mid-low level tone was acquired. At the last, the low and low 
rising were acquired (1;9 � 2 ; 0 ) . 
Tuaycharoen (1977)'s study on the tone development of a single Thai child 
before age 2 also showed single tones are acquired first. Thai is characterized 
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as having five lexical tone categories: high level, mid level, low level, falling, 
and rising.2 Tuaycharoen found that the mid and low level tones were 
acquired first (0;11), during the single word phase. The rising tone was 
acquired next (1;2). The falling and high level tone was acquired last (1;3). 
These results are consistent with the claim that single tone sequences are 
acquired before contour tone sequences. 
Studies on LI Mandarin lexical tone acquisition consistently show that 
the high level tone is acquired before all other lexical tones. Li and Thomp-
son (1977) conducted an eight-month longitudinal study of Mandarin tone 
acquisition for 17 Taiwanese children between 1;6 and 3;0. From their results 
they concluded that there is a three-level hierarchy in Mandarin tone acqui-
sition. The high level (Tone 1) is acquired first, then falling (Tone 4), and 
finally the rising and dipping tones (Tone 2 and Tone 3). Clumeck (1977) 
also conducted a 14-month longitudinal study of two LI Mandarin learners 
starting from the ages of 1;10 and 2;3. He notes that the children already had 
near mastery of the high and falling tones at the beginning of the study.^ 
But like Li and Thompson (1977), Clumeck found that the rising and dipping 
tones were most problematic for the children. 
The acquisition of single tone sequences before complex tone sequences 
has also been found to be true in second language acquisition studies. Sun in-
vestigated 40 native English speakers learning Mandarin in a cross-sectional 
2 Despite the categories of so-called level tones, the high level tone is phonetically 
realized with a slight rise (45) while the mid and low level tones are slightly falling (32 
and 21，respectively) (Ladefoged 2001) 
3 This is not surprising since his subjects were relatively old in terms of tone acquisition. 
In Cantonese and Thai we have seen that children had already mastered most if not all of 
their tones by age 2 at the latest. 
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experimental study. In two tasks of repetition and reading, Sun found that 
the most accurate productions were on the high tone, followed by falling, dip-
ping, and rising tones in that order. This is largely consistent with several 
other L2 tone production studies (Leather 1990; Chen 1997; Miracle 1989). 
. T h e only discrepancy between the studies lies with whether rising or dipping 
tone is the least accurate. This order of difficulty for L2 lexical tone produc-
tion is also consistent with Li and Thompson (1977)，s hierarchy of LI lexical 
tone acquisition. 
3.2.2 Intonation 
Studies in first language acquisition of intonation show that intonation, like 
tone, develops earlier than segmentals. In a review of several studies of 
prosodic development, Crystal (1985) claimed that children acquire the prosodic 
features of an utterance before the segmental features. Crystal cited a rep-
resentative example of a child (1;2) who could mimic the intonation of the 
utterance 'All gone' with high accuracy more than a month before he could 
actually consistently produce the segmental features. Vihman and DePaolis 
(1998) found that when French and English infants reach the 25-word point 
(able to spontaneously produce 25 different words within 30 minutes), they 
can utilize pitch to mark accented syllables in accordance to the adult lan-
guage patterns. However, at this stage, segmental production of the infants 
is still far from the adult language. 
While there is early evidence of prosodic features in child speech and high 
sensitivity to pitch, the complete acquisition of adult-like intonation is not 
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achieved until relatively late. Balog and Snow (2007) found that children go 
through a period of instability from 9 to 18 months where intonational tunes 
are not adult-like. But after 18 months, children's intonational development 
stabilizes and there is consistent production of adult-like intonational tunes. 
In constrast to LI studies, second language acquisition of intonation is 
observed to be relatively late in the development process and usually incom-
plete. Similar to the discrepancy of timing in lexical tone acquisition, second 
language learners tend to acquire intonation late if at all (Jun and Oh 2000; 
Toivanen 2003; Shibata and Hurtig 2007). Toivanen (2003) found that profi-
cient Finnish-speaking learners of English failed to regularly producing rising 
pitch on utterances to indicate continuation (i.e. 'and then...'). According to 
Shibata and Hurtig (2007)'s study of English-speaking learners of Japanese, 
the most advanced learners still only produced correct intonation on declar-
ative and interrogatives only half of the time. Similarly, Jun and Oh (2000) 
‘ found in a study of English-speaking learners of Korean that the most ad-
vanced subject (with 16 years of experience) only produced correct phrasing 
for polar questions and wh-questions 63% of the time. 
Previous studies of L2 intonation acquisition have demonstrated that in-
tonation is susceptible to transfer in a second language. Aoyama and Guion 
(2007) conducted an acoustic study of duration and pitch in child and adult 
Japanese learners of English. Aoyama and Guion's results showed that the FQ 
range of the adult Japanese learners was larger than the adult native English 
speakers in content words. Aoyama and Guion noted that these differences 
may be attributed to the prosody of Japanese as pitch in Japanese is used ex-
clusively to indicate prominent syllables. In a study of Vietnamese-speaking 
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learners of English, Nguyen et al. (2008) found that learners initially failed 
to deaccent unstressed words in English (e.g. 'black berry' has significant 
pitch movements on both syllables even as a compound noun). Nguyen et al. 
argued this finding is predictable from the lexical tone system of Vietnamese: 
the learners reinterpret English intonation as sequences of lexical tones. 
Van Els and de Bot (1987) demonstrated that the native language of 
second language learners can be determined by their intonation alone in the 
second language. The study of Van Els and de Bot recorded English, French, 
and Turkish learners of Dutch reading "The North Wind and the Sun." These 
recordings were processed in two ways (1) monotonized (i.e. all pitch contours 
were flattened) and (2) low-pass filtered (i.e. most segmental information 
was removed while fundamental frequency was retained). Teachers of Dutch 
listened to the recordings and asked to judge the LI language background 
of the subject. The results of Van Els and de Bot showed removing pitch 
information alone significantly reduced judges ability to judge the foreign 
accent. Prom this, the authors concluded that intonation plays a crucial role 
in shaping the type of "foreign accent" a second language learner has due to 
its transfer to the L2 phonology. 
Nevertheless, not all errors in L2 intonation can be attributed to transfer. 
Mennen (2007) reviewed studies on L2 intonation acquisition and found that 
some errors are universal across learners. That is, the same type of intona-
tion errors are found from learners of different LI background. Some of the 
errors in L2 English that Mennen identified are as follows: narrower pitch 
range, incorrect placement of prominence, confusion between falling and ris-
ing pitch, incorrect pitch on unstressed syllables, and lower starting points. 
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At least two of these errors—narrower pitch range and incorrect placement 
of prominence—have also been observed in LI acquisition studies (Crystal 
1985; Balog and Snow 2007). But it is still difficult to say whether the L2 
errors in intonation are truly comparable to the LI errors due to the different 
models of intonation used and relatively small number of acquisition studies 
on prosody compared to segmentals. 
3.3 LI intonation transfer in Mandarin L2 
lexical tone acquisition 
3.3.1 Initial hypotheses of intonation-lexical tone trans-
fer 
Chiang (1979) and White (1981) claimed that many of the tonal production 
errors of Mandarin learners are systematic errors of LI intonation transfer. 
Chiang (1979) observed errors where the final syllable of Mandarin declara-
tives and wh-interrogatives was produced with falling pitch, regardless of the 
lexical tone category of that syllable. Two of Chiang's examples for these 
errors are given in (3.1) and (3.2)4. in (3.1), the final monosyllablic word shu 
'book' is mispronounced as shu 'tree' and thus changes the meaning of the 
sentence. In (3.2)，the final monosyllable word 'paint' is mispronounced as 
qi 'air'. Furthermore, Chiang observed that English learners produced rising 
pitch on the final syllable of Mandarin polar interrogatives, again, regardless 
4 In these morpheme glosses and those following, several abbreviations are used: POSS 
=possessive marker, COP == copula，and NOM = nominal particle. 
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of the underlying lexical tone category. An example of this error is show in 
(3.3) where the final monosyllable word mao 'cats' becomes mao 'hair'. 
(3.1) Nd shi shu — Nd shi shu 
that COP book that COP tree 
'That is a book.' —>• 'That is a tree.' 
(3.2) Duoshao qi — Duoshao qi 
many-few paint many-few air 
'How much paint?' —> 'How much air?.' • 
(3.3) Nz mai bu mai mao — Ni mai bu mai mao 
you sell NEG sell cats you sell NEG sell hair 
'Do you sell cats?' 'Do you sell hair?' 
Chiang (1979) analyzed these errors of lexical tone in Mandarin as a re-
sult of interference from the intonation of English. Chiang assumed that 
there are two basic intonational tunes in English: a falling intonational tune 
and a rising intonational tune. The falling intonational tune is realized with 
falling pitch^ on the final syllable seen in such declarative utterances as 'G6' 
and 'He's gone.' The rising intonational tune is realized with rising pitch on 
f 
the final syllable as in the interrogative utterances 'Oh?' and 'Is he gone?'. 
Chiang also notes that wh-questions in English have falling intonation. Thus, 
according to this analysis of English intonation, the errors in Mandarin lex-
ical tones in the sentences above all arise from interference of the English 
intonation. The declarative sentence of (3.1) and wh-question of (3.2) is 
produced by the learner with falling intonation from English which leads to 
falling pitch on the final syllable. The polar question of (3.1) is produced by 
5 Chiang denotes this falling pitch with a grave accent (、) on the vowel, i.e. the same 
way that -Tone 4 is represented in Chinese. 
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the learner with rising intonation from English which leads to rising pitch on 
the final syllable. 
In a separate study with no reference to Chiang (1979)'s work, White 
(1981) also argued that errors in Mandarin lexical tones are due to interfer-
ence from English intonation: 
The extreme difficulty English speakers experience in learning to speak 
tonal languages is widely attested. ...To the native speaker of Man-
darin, the mispronunciations of English speakers speaking Mandarin are 
perceived as a random jumble of wrong tones often resulting in total lack 
of communication. These observed tone-pronunciation errors of English 
speakers attempting to learn Mandarin do not simply represent random, 
confused use of 'wrong tones,' but are systematic errors which can be 
partially traced to speaker transfer of English intonation patterns onto 
Mandarin sentences. (White 1981:27) 
White (1981)，s claim that learner's lexical tone errors in Mandarin can 
be accounted for by transfer of English intonation appears to be the same 
as Chiang (1979). However, there are some differences in the evidence that 
the two researchers present and how much of English intonation they claim 
is susceptible to transfer. 
Figure 3.1 and Figure 3.2 are two examples of lexical tone errors in Man-
darin sentences from White (1981)，s study. The figures are a perceptual 
transcription of pitch using White's own notation. The grid represents the 
pitch range of the speaker, with the lowest line demarcating the speaker's 
lowest register and the highest line corresponding to the speaker's highest 
register. The darker lines indicate the pitch of the stressed syllables and 
single dots indicate the pitch height of unstressed syllables. In Figure 3.1， 
White transcribes (a) a typical English learner's production and (b) a native 
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speaker's production of the Mandarin polar question M ydo bu ydo chi fan? 
'Do you want to eat?'. The English learner's sentence starts at a mid-low 
register with level tones on the stressed syllables ydo 'want' and a rising pitch 
on the last stressed syllable c/i^'eat'. The final syllable fan 'rice' is unstressed 
and produced with pitch in the speaker's mid-high register. For the native 
production of the same utterance, White transcribes the citation pitch con-
tour for the lexical tones of the Mandarin sentence. According to White's 
transcription, the learner's pitch on all syllables of the Mandarin sentence 
are erroneous. 
In Figure 3.2，White transcribes (a) a learner's production and (b) a 
native speaker's production of the Mandarin wh-question Shei xiang dang 
lusht? 'Who wants to be a lawyer?'. Here, the learner's production starts 
on a mid-high pitch with level tones lowering in succession on each syllable 
until the final stressed syllable lu which has falling tone. The final syllable of 
the utterance ends at the speaker's mid-low register. The pitch of the native 
speaker sentence follows the citation form of the underlying lexical tones. 
For this example, White notes that the learner has produced all but one of 
the Mandarin lexical tones incorrectly. The only correct production is the 
falling pitch on the syllable lu. 
White (1981) accounts for these lexical tone errors in Mandarin as re-
sulting from the influence of English intonation. In White's view of English, 
there are at least five distinct tones in English: level, falling, rising, falling-
rising, and rising-falling. White notes these tones in English are different 
from the lexical tones of Mandarin as they "may be spread across any num-
ber of syllables" (p. 29). White claims that there are corresponding tones 
80 
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WL y^ Myad oMfSn? 
you want NEG-want eat-rice 
Do you want to eat? 
• .<« 
Figure 3.1: Perceptual pitch transcription of (a) an English learner of Man-
darin and (b) native speaker uttering the sentence Ni ydo bu ydo chi fan? 
'Do you want to eat?' (White 1981) 
in English for each for the Mandarin lexical tones: English level tone corre-
sponds to Mandarin Tone 1，rising to Tone 2, falling-rising to Tone 3, and 
falling to Tone 4. Thus, she claims the production of the Mandarin lexical 
tones on isolated syllable is not so much a problem for English learners as 
are sentences. This is because, according to White, English uses tones for 
syntactic or pragmatic functions unlike Mandarin which uses tone to dis-
tinguish lexical meaning. The syntactic functions White discusses that are 
relevant to this study include marking utterances as declaratives, polar ques-
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*""“Sh&v~xiang~dangVXsht ？ 
xiang dang Ulsht ？ 
who think become lawyer 
Who wants to be a lawyer? 
Figure 3.2: Perceptual pitch transcription of (a) an English learner of Man-
darin and (b) native speaker uttering the sentence Shei xiang dang lushi? 
'Who wants to be a lawyer?' (White 1981) 
tions, and wh-questions. For English declaratives and wh-questions, White 
analyzes the intonation as starting relatively high and having falling tone on 
the last stressed syllable. In polar questions of English, the starting pitch is 
relatively low and a rising tone is used on the final stressed syllable instead. 
White assumes that polar questions in English syntactically correspond to 
the verb-negation-verb construction and sentence-final particle ma questions 
in Mandarin. 
Returning to the polar question example of Figure 3.1, White claims that 
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the initial mid-low starting pitch of English intonation for polar questions 
interferes with the production of lexical tone on the syllables preceding chi 
'eat'. She further claims that the rising tone of English intonation interferes 
with the lexical tone of chi so that it becomes chi instead. Note White im-
plicitly assumes that the syllable should be the final stressed syllable, but 
offers no explanation why fan 'rice' is not stressed. This lack of explanation 
regarding stress is a significant detractor to the analysis as there is no explicit 
account of the position of lexical tone interference. 
In some cases White notes that the intonation of English aids the learner 
in producing the correct lexical tone in Mandarin. For example, in the wh-
question of Figure 3.2，White observes that the falling tone used in English 
wh-question intonation aids the production of the underlying Tone 4 syllable 
I'ii in the word lushi 'lawyer'. Meanwhile, the production of lexical tones 
preceding lu are incorrect due to the interference of the mid-low starting pitch 
of English intonation on wh-questions. Again, White does not address why 
lu should be the final stressed syllable and not shi In retrospect, White may 
\ 
be assuming that chifdn 'eat' and lushi 'lawyer' are lexical items following a 
rule of default trochaic stress from English. However this is a speculation on 
the current author's part and is not stated by White herself. 
While Chiang (1979) and White (1981) both accounted for lexical tone 
errors by claiming interference from LI intonation, White claimed that in-
tonation could interfere with all lexical tones in a L2 Mandarin utterance. 
Chiang's claim of interference, on the other hand, was limited to the final 
syllables which he assumed carried a falling or rising pitch. There are several 
problems with White (1981)，s claim of intonational interference on initial 
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non-accented syllables (i.e. ni ydo bu yao 'do you want' of Figure 3.1 and 
shei xiang dang 'who wants to be，of Figure 3.2). First, White does explic-
itly claim which of her five English tones precede the final stressed syllables 
in polar questions and declarative/wh-question intonational tunes. Second, 
although White acknowledges that English tones can spread across multi-
ple syllables, she does not explain what rules regulate this tone spreading. 
Therefore, in these non-final stressed syllables it is not clear if there is a 
single tone spreading across all of these syllables or multiple tones. Third, 
White does not explain her assumptions of stress placement in L2 Mandarin 
and thus it is not clear why m and bu are unstressed but none of the initial 
syllables in Figure 3.2 are unstressed. The autosegmental-metrical (AM) ap-
proach to English intonation as presented in Chapter 2 also cannot offer any 
insight on these questions as there are no tones which are considered to pre-
cede the pitch accent in the citation form of declaratives, wh-questions, and 
polar questions. Because of these theoretical problems, this study does not 
consider White's claims of intonational interference in the initial non-final 
stressed syllables. 
Instead, this study aims to further investigate the claim shared by both 
Chiang (1979) and White (1981): LI English intonation transfer affects the 
production of L2 Mandarin lexical tone on final stressed syllables. To be 
fair, Chiang did not actually refer to the role of stress in the transfer of 
English intonation. However, a close examination of Chiang's data shows 
that all his examples ended with a final monosyllabic word. So, for Chiang's 
data, the final syllable also was the final stressed syllable. Thus, Chiang 
and White's two claims in this respect are entirely consistent: for English 
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learners of Mandarin, there is production of Tone 4 on the final stressed 
syllable of declarative/wh-questions and production of Tone 2 on the final 
stressed syllable in polar questions. 
While Chiang (1979) and White (1981) deserve credit for initially for-
mulating the hypothesis of intonation-lexical tone transfer, their studies did 
not set out to experimentally test this hypothesis. Both Chiang and White 
presented lexical tone errors as teachers/students of Mandarin. The data 
was not gathered in any systematic manner, but based purely on the per-
ceptions and general recollections of the researcher's personal experiences or 
experiences with other Mandarin learners. Moreover, both studies lacked 
data on non-English-speaking learners. This makes it impossible to rule out 
the possibility that there is some factor within Mandarin itself (e.g. its own 
intonation system) that causes the systematic errors on lexical tones of final 
stressed syllables. 
3.3.2 Experimental studies claiming intonation-lexical 
tone transfer 
Several L2 Mandarin lexical tone acquisition studies after Chiang (1979) 
and White (1981) returned to this claim of LI intonational interference to 
account for L2 Mandarin learner's errors in lexical tone acquisition (Chen 
1997; Miracle 1989; Shen 1989). 
The lexical tone production study by Miracle (1989) demonstrated a cor-
relation between declarative sentences and a higher rate of error on Tone 2 
as compared to the other three lexical tones. Miracle conducted an experi-
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mental investigation with ten American English learners of Mandarin. The 
subjects had all studied Mandarin for one year at the college level.® The 
stimulus data included 24 monosyllabic and disyllabic words of all possible 
Mandarin lexical tone combinations (including unstressed syllables) embed-
ded in the topic position (i.e. sentence-initial position) or object position 
(i.e. sentence-final position) of a declarative sentence. Miracle compared the 
percentage of errors for each lexical tone category and found no statistically 
significant difference between them. But Miracle noted that the percentage 
of Tone 2 errors were slightly higher than other lexical tones and suggested 
this could be due to intonational interference from English as proposed by 
White (1981). Although Miracle did not elaborate on his reference to White, 
it is reasonable to assume that he is referring to White's claim that rising 
tones only occur on the final stressed syllable of polar questions. Miracle's 
stimulus data was comprised solely of declarative sentences like Shu, tdmen 
dou xiang mai 'Books, they all want to buy (them)' or Tdmen dou xidng 
mai shu 'They all want to buy b o o k s . . Thus, according to Miracle's as-
sumptions of English intonation, there was no licensing of rising tone in the 
stimulus sentences and this made Tone 2 more prone to errors for the English 
learners. 
Shen (1989)'s lexical tone production study contradicted Miracle (1989) 
by finding that Tone 4 and Tone 1 had higher error rates as compared to 
Tone 2 and Tone 3. Of the errors on Tone 4 syllables, Shen found that learn-
ers produced the falling pitch from too low of a starting point. Similarly, the 
6 One subject had also studied Mandarin for three years in high school. 
7 Only the pitch of the syllable-initial or syllable-final noun was analyzed. For the 
sentences given above, this means that only the pitch of the word shu 'books' was analyzed. 
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Tone 1 syllable errors had low level pitch instead of high level pitch. The 
difference of the results between Shen and Miracle may be attributed to the 
methodological differences. Unlike Miracle's set of balanced stimulus words 
embedded in simple declarative sentences, Shen (1989) had eight American 
English learners of Mandarin read a narrative passage of text. All of the 219 
syllables in the passage were included in the data analysis. Although all the 
sentences were also declarative, they were far more complex in prosodic struc-
ture due to relative clauses, adverbial phrases, conjunctive phrases, etc. The 
subjects of Shen (1989) were also less advanced and only had one semester 
of Mandarin study. Despite the significant difference in results, Shen also 
resorted to prosodic transfer to explain the high error rates on Tone 4 and 
Tone 1 syllables. Shen noted that high pitch is associated to stress by English 
speakers (Lehiste 1970). According to the L2 transfer theory of Kellerman 
(1983), Shen suggested the perceived similarity between high pitch of Tone 
4/Tone 1 and stress by English learners makes these lexical tones more sus-
ceptible to intonational interference. The fact that the errors on Tone 4 and 
Tone 1 are primarily register errors® is explained as influence from English 
intonation. Shen assumes the pitch of English declaratives begins in the low-
register and does not reach high pitch until the final stressed syllable. Since 
Tone 1 and Tone 4 syllables are more prone to transfer, Shen argues they are 
more likely to be produced with low pitch in the syllables preceding the final 
stressed syllable of a declarative sentence. 
In a sequential analysis of lexical tone production, Chen (1997) claimed 
8 Shen (1989) distinguishes between shape and register errors. An example of a shape 
error would be using a falling pitch for Tone 2. Register errors are cases where the entire 
pitch of the syllable is lower or higher than the citation form, 
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errors of English learners of Mandarin may be attributed to the rhythm of 
English. Chen investigated eight native English-speaking subjects who were 
enrolled in a second-year Mandarin course at university. The experiment 
included a production task where the students were invited to discuss the 
topics of weather or food with a native speaker. Chen found that there are 
essentially two pitch patterns: 55-33-22-53 as seen in (3.4) and high-low-
high-low-(high) as seen in (3.5) and (3.6). 
(3.4) 55 55 51 35 21 51 — 55 55 33 33 22 53 
Jin tTan shi shi jm hao Jin tTan shi shi jm hao 
'Today is the 19th.' 
(3.5) 35 21 35 21 51 — 33 22 33 22 33 
Ni you mei you kan Ni you mei you kan 
'Have you seen (it)?' 
(3.6) 35 51 21 51 — U 55 22 
Bu shi hen re Bu shi hen re 
'It isn't very hot' 
In both examples, the intended utterance with its correct pitch produc-
tion (denoted in Chao's tone numbers) is given on the left-hand side. The 
tone numbers on the sentence right of the arrow represent what the learner 
actually said. In (3.4), the intended declarative utterance Jm tian shi shi jm 
hao 'Today is the 19th’ was produced by the learner with high level pitch on 
the first syllable, successively lower level pitches on the following syllables, 
and a falling pitch on the last syllable. The second polar question example, 
(3.5), shows the learner produced a successive pattern of high-low level tones 
and ended the utterance with a high tone. In the declarative utterance of 
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(3.6), the learner produces the same high-low level tone sequence but ends 
with a low tone. These patterns were found to occur on various Mandarin 
utterances regardless of the underlying lexical tones. 
The above pitch patterns led Chen to claim that the lexical tone pro-
ductions of the learners followed English intonation patterns. For the first 
example, Chen claims the pitch pattern is identical to an English declarative 
where there is a succession of lowering level tones and falling pitch on the 
final stressed syllable. In some cases, Chen notes the level pitches can spread 
as seen in Jm tmn and shi shi Chen also claimed the second pattern, high-
low-high-low- (high) ,has a "familiar English rhythm" (p. 33) but does not 
further elaborate. The second pattern is attested on both Mandarin polar 
questions (3.5) and declaratives (3.6). Chen does not claim it to be identical 
to an English polar question intonation, as there is no rising pitch on the 
final stressed syllable. Likewise, this high-low-high-low-(high) pattern does 
not have any clear resemblance to an English declarative. Yet, Chen does not 
explain how the two very different pitch patterns of English declaratives and 
polar questions would transfer to result in the same sequence of lexical tone 
errors. Thus, the lack of correspondence to a specific English intonational 
tune calls Chen's intonational transfer account into question. 
Experimental investigations on lexical tone perception by LI English 
learners have shown perception of Tone 4 in L2 Mandarin is affected by 
phonological position in the syllable (Broselow et al. 1987; Sun 1998). Broselow 
et al. (1987) and Sun (1998) found that LI English learners of Mandarin 
perceive Tone 4 most accurately in monosyllabic words and final syllables of 
multisyllabic words (e.g. md 'scold' and cihui 'vocabulary'). But the per-
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ception of Tone 4 on non-final syllables in disyllabic and trisyllabic words 
was the least accurate of all tones. Sun's study also conducted the same 
perception test on native Mandarin speakers. While native speakers identi-
fied 98% of lexical tones correctly overall, Sun also found the native speakers 
were most likely to have perception errors on the initial syllable of trisyllabic 
words. But unlike the English learners, the perception errors on these non-
final syllables were most common for Tone 1 syllables and least common for 
Tone 4. 
Broselow et al. (1987) and Sun (1998)，s account of these non-final syllable 
Tone 4 perception errors by English learners are quite different. Broselow 
et al. (1987) accounted for the aforementioned perception phenomenon by 
noting that falling pitch in English is limited to the final stressed syllable of 
declaratives. Thus, Broselow claimed that the high rate of perception errors 
for Tone 4 non-final syllables was due to transfer of the English intonational 
rule. The argument being that English does not license falling pitch in non-
final positions and this impedes the learner from identifying Tone 4 in non-
final positions. 
Sun (1998) presented an alternative account to a Broselow et al. (1987)'s 
claim of LI intonation transfer. Sun rejected an account based on intonation 
transfer because she argues that there must be demonstration that errors 
are unique to the learner's intonation system in order to claim intonational 
transfer. In other words, learners should show different lexical tone errors 
according to the difference in their LI prosody. Sun noted that her study 
did not include sufficient data from different LI backgrounds to provide this 
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necessary evidence^ , Instead of LI intonation transfer, Sun used phonetic 
principles to account for the higher misperception of Tone 4 non-final syl-
lables. She observed that the phonological salience of the final syllable is 
what makes lexical tone identification more accurate. The reason that Tone 
4 has the greatest correlation between perception and position is argued due 
to the effects of final syllable lengthening. The lengthening disproportionally 
affects the saliency of the four tones; the falling tone becomes more percepti-
ble than all other tones when lengthened. The implication of Sun's account 
is that all speakers of Mandarin, native or non-native, will show a pattern 
of higher perceptibility of Tone 4 syllables utterance-finally. This claim is 
partially supported by her data from native speakers as they also show bet-
ter performance in identifying the lexical tone of final syllables as compared 
to non-final syllables. However the data is not entirely consistent with the 
claim as native speakers' perception of Tone 4 is highly accurate regardless 
of the phonological position. 
3.3.3 Unaddressed issues of previous studies 
The previous experimental studies on lexical tone acquisition in L2 Mandarin 
have not provided the needed data for testing the hypothesis of prosodic 
transfer in Mandarin tone acquisition. The early studies of Chiang (1979) and 
White (1981) simply did not have experimental data. The later experimental 
studies (Broselow et al. 1987; Sun 1998; Chen 1997; Miracle 1989; Shen 1989) 
focused on analyzing the accuracy of lexical tone production/perception and 
9 The data of Broselow et al. (1987) also came from English learners of Mandarin and 
did not compare results with any data from another LI background. 
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the substitution patterns but not testing the hypothesis of intonation-lexical 
tone transfer itself. The set of data used in these studies was not balanced 
for intonation and thus cannot make any claim that the errors are uniquely 
correlated to LI intonation. Both Miracle (1989) and Shen (1989)'s studies 
used declarative sentences exclusively. Chen (1997) ’s study used spontaneous 
speech data and thus does not control for other factors in intonation (i.e. 
employing intonation for narrow focus, unfinished utterances, uncertainty, 
etc.) nor guarantee the elicitation of any specific intonational tune. Broselow 
et al. (1987) and Sun (1998)'s studies only used word lists and thus cannot 
control for the factors of intonation. 
Despite the conflicting findings from the experimental studies on lexical 
tone acquisition, researchers have tried to account for the data with the same 
account of LI intonation transfer. Miracle (1989) claimed that all lexical 
tones have nearly the same percentage of errors except a slight increase in 
Tone 2 while Shen (1989) found that Tone 1 and Tone 4 suffer the most 
from production errors. Both researchers claim the data is the result of the 
English declarative intonation transferring and affecting the production of 
Mandarin lexical tones. This contradiction in the results may be due to 
the lack of intonationally-balanced stimulus data. In a separate example, 
Chen (1997) claimed a intonational transfer from English leads to the same 
pitch pattern on both declarative and interrogatives, despite the fact that 
the English intonation of these two sentence types is completely different. 
The previous studies on Mandarin lexical tone acquisition have only con-
10 As noted in Chapter 2, a single word can be read with both declarative and interrog-
ative intonation. 
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sidered learners from an English LI background and have no evidence that a 
different LI prosody can result in different lexical tone errors. Broselow et al. 
(1987) and Sun (1998) demonstrated that the error rates in tone production 
and perception can differ significantly based on phonological position. Their 
results both found Tone 4 suffers the most from perception errors in non-
final positions of an utterance, but is least error-prone in the final position. 
Broselow et al. (1987) accounted for this phenomenon as LI intonation in-
terference without considering the possibility that it may be universal. In 
fact, native speaker data from Sun (1998) suggested that perception accuracy 
is always higher on final syllables due to phonetic factors like final-syllable 
lengthening. 
In summary, the core research question is still open: can LI intonation 
of learners affect the L2 production and perception of lexical tones? I have 
shown that there are two important criteria that must be taken into consid-
eration to address this question: (1) evidence that the L2 Mandarin lexical 
tone production/perception is unique to the learners' LI intonation, and (2) 
intonationally-balanced stimulus data. The next chapter will discuss the 
methods used to address this research question and fulfill the above criteria. 
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Chapter 4 
Methodology of production and 
perception experiments 
This chapter explains the intonation-lexical transfer hypothesis this study 
aims to investigate and the experimental setup. The first section explicitly 
states the predicted patterns in the learners' production and perception of 
Mandarin lexical tones according to intonation-lexical tone transfer. This is 
followed by a summary of the stimulus materials and the procedures used 
to conduct the experiments. The chapter ends with a discussion of how the 
experimental data was transcribed and tabulated. 
4.1 Hypotheses 
The two generalized hypotheses of intonation-lexical tone transfer: (1) there 
is a correlation between the FQ contour and sentence type in speech pro-
duction and (2) there is a correlation between lexical tone identification and 
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sentence type in speech perception. The first hypothesis regarding speech 
production has been motivated principally by the previous studies of Chiang 
(1979) and White (1981). The second hypothesis regarding perception comes 
in part from Broselow et al. (1987). 
The hypothesis of transfer in perception is slightly different from pro-
duction. In production, the transfer of phonological knowledge can lead to 
a representation different from the native speaker and, in turn, leads to a 
different phonetic realization. In perception, the transfer of phonological 
knowledge is considered to act as a kind of perceptive filter. As Broselow 
et al. (1987) suggested, intonational tunes that coincide with the pitch of 
lexical tones should assist in perception while those intonational tunes that 
are contrary with the pitch of lexical tones should lead to higher rates of 
misperception. 
These two generalized hypotheses can also be stated in more detail accord-
ing the prosody of English and Japanese as presented in Chapter 2. Assuming 
the tones of the LI intonational system can transfer to L2 Mandarin lexical 
tones, then there should be an observable and systematic influence on the FQ 
production / tone identification in Mandarin according to the learners' LI 
background. For English learners, a declarative sentence or wh-question has 
a intonational template of H* L~ L%. The H* tone associates to the final 
stressed syllable while the two L tones associate to the intermediate phrase 
and utterance. The realization of these tones in the FQ of the utterance is 
falling pitch on the final stressed syllable. The intonation of polar questions 
in English has an intonational template of L* H— H%. The L* tone associates 
to the final stressed syllable while the two H tones associate to the intermedi-
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ate phrase and utterance. This intonation is realized with rising pitch on the 
final stressed syllable. According to the hypothesis of intonation-lexical tone 
transfer, English learners of Mandarin should demonstrate two observable 
patterns: 
(4.1) Production and perception of falling pitch (Tone 4) on final stressed 
syllables of Mandarin declaratives and wh-questions 
(4.2) Production and perception of rising pitch (Tone 2) on final stressed 
syllables of Mandarin polar questions 
Japanese prosody differs from English in two important ways with regards 
to intonation in the four sentence types mentioned. These differences also 
imply that the hypotheses of prosodic transfer for Japanese learners of Man-
darin are different from English. First, intonation in Japanese differs from 
English as it is not sensitive to the metrical strength of syllables. There-
fore, stress does not play a role in the hypothesized position of rising and 
falling pitch for Japanese learners of Mandarin. Second, the intonation of 
Japanese wh-questions is different from English as these type of questions 
end with rising instead of falling pitch. The phonological representation of 
a Japanese declarative sentence has a H~ accentual phrase tone and L% 
tones on the edge of the accentual phrase and utterance. This intonation is 
realized as falling pitch on the final syllable of a declarative. Japanese in-
ter rogatives, including both wh-questions and polar questions, have a L tone 
on the boundary of the accentual phrase and H tone on the boundary of the 
utterance. This L% H% sequence results in rising pitch on the final syllable 
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of the interrogative. Thus, Japanese learners of Mandarin are predicted to 
have the following patterns: 
(4.3) Production and perception of falling pitch (Tone 4) on final syllables 
of Mandarin declaratives 
(4.4) Production and perception of rising pitch (Tone 2) on the final 
syllables of Mandarin wh-questions and polar questions 
These hypotheses for English and Japanese learners of Mandarin can also 
be viewed in terms of strong and weak versions. The strong version holds 
that the correlation of pitch production and tone identification and sentence 
type is stronger than the correlation to the lexical tone category. In this case, 
the sentence type alone determines the learner's pitch production and tone 
identification. The weak version only claims that pitch productions and tone 
identifications not consistent with the lexical tone category can be explained 
by considering the intonation of the sentence type. In this case, intonation-
lexical tone transfer can only account for the learner's non-nativelike pitch 
production and tone identifications. 
4.2 Design 
The experiment was composed of two parts: production and perception. 
All the stimulus materials were presented in pinyin to avoid the external 
factors of Chinese character recognition. The sentences were deliberately 
constructed with simple grammar structures and a limited set of basic vo-
cabulary to make the experiment as accessible as possible for learners of 
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Mandarin. A full list of the words and sentences used in both the production 
and perception experiments is given in Appendices A and B. 
The aim of the production experiment was to determine whether transfer 
of the LI prosody can affect the production of Mandarin lexical tones. The 
first subsection of the production experiment required the subject to read 
a list of 31 words including the eight target words: gdo 'tall', chd 'tea', 
Xiao 'small', rdu 'meat', dongxi 'things', fdngzi 'house', jiejie 'elder sister', 
and didi 'younger brother'. The word list subsection served two purposes. 
First, it provided data on whether the subject has a categorical distinction 
in their production between the four lexical tones and unstressed syllables 
in Mandarin. Secondly, it provided data on how the subject phonetically 
distinguishes the four lexical tones in Mandarin. There was no assumption 
that the subject would produce the four lexical tones in the exact manner of 
a native speaker (e.g. a non-native speaker may not produce Tone 1 in the 
highest register of their pitch range as a native speaker but the pitch still 
clearly contrasts with the low pitch of Tone 3). The word list data provided 
insight on the learners' citation form of the lexical tones and follows from the 
view presented in Section 3.1.1 that learners' have their own interlanguage. 
The list of target words was designed to test all four lexical tone categories 
of Mandarin in both a single stressed syllable (Type A) and a disyllabic word 
with trochaic stress (Type B). Type A target words includes gdo 'tall', chd 
'tea', Xiao 'small', and rdu 'meat'. Type B target words are the disyllabic 
words dongxi 'things', fdngzi 'house', jiejie 'elder sister', and didi 'younger 
brother'. 
The second subsection of the production experiment had the subject re-
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Sentence Type A B1 m 
Eng Jpn Eng Jpn Eng Jpn 
Simple declarative F F F — — F ; 
Vnv-question R R R - - R i 
Ma-question R R ； R — - R i 
Wh-question F R F - - R j 
Table 4.1: Comparison of hypothesized L2 Mandarin pitch patterns between 
English and Japanese learners. Column A reflects the predicted pitch of 
the monosyllablic Type A words. Columns B1 and B2 refer to the first and 
second syllables of Type B words, respectively. The abbreviations F and R 
are short for falling and rising pitch. The key differences between Japanese 
and English learners are highlighted in gray. 
cite a total of 40 Mandarin sentences: 8 declaratives with relative clauses, 
8 simple declaratives, 8 polar questions of verb-negation-verb structure, 8 
polar questions with sentence final particle ma, and 8 wh-questions. Each 
set of sentences utilized the same eight target words given in the word list. 
The simple declaratives, polar questions, and wh-questions tested these tar-
get words sentence-finally. The declaratives with relative clauses tested the 
target words in sentence-medial position. These sentence-medial stimulus 
words were included, like the word list data, to use as reference of the lexical 
tone production in diverse intonational contexts. The sentence-final stimu-
lus materials included all possible permutations between the four sentence 
types (declarative, ma-questions, vnv-quest ions, and wh-question) and two 
stress patterns (monosyllabic stressed and disyllabic trochaic stress) for test-
ing the specific hypotheses presented above. Using this data, the differences 
between English and Japanese learners' hypothesized productions should be 
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observable according to the variables of sentence type and position. Table 4.1 
demonstrates the results which would support the hypotheses of Section 4.1. 
For example, the syllable of Type A target words in wh-questions are pre-
dicted to be produced with falling pitch by English learners and rising pitch 
by Japanese learners. In wh-questions with Type B target words, the first 
syllable is predicted to be produced with falling pitch by English learners. 
But Japanese learners are predicted to produce rising pitch on the second 
syllable of Type B target words in wh-questions. 
The perception part of the experiment aimed to test whether prosodic 
transfer from the LI would influence the categorical perception of Mandarin 
lexical tones. The targeted syllables utilized nonsense monosyllabic and di-
syllable words with an aspirated voiceless stop followed by a low back vowel 
(e.g. Ta or Pata). The first subsection required the subject to listen to a 
total of 24 nonsense words and identify the lexical tones of each syllable. Like 
the word list in the production experiment, this subsection provides baseline 
data of the learners' perception of the four lexical tones in Mandarin and 
stress distinction. The second subsection had the subject listen to the same 
nonsense words in one of four possible frame sentences: simple declarative 
(DECL), polar question of verb-negation-verb structure (VNV), polar ques-
tion with sentence final particle ma (MA), and wh-question (WH). This test 
gathers data of the learners' perception of the four Mandarin lexical tones 
with sentence type and position as the independent variables. The hypothe-
ses are supported if the perception data follows the same patterns outlined 
in Table 4.1. 
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4.3 Subjects 
The purpose of studying subjects from different LI backgrounds is to clearly 
distinguish lexical tone errors due to intonational transfer and errors which 
are universal to all learners. The motivation to use English and Japanese 
learners, in particular, is two-fold. First, Japanese and English prosodic 
systems have been relatively well-studied under the autosegmental-metrical 
model (Pierrehumbert 1980; Pierrehumbert and Beckman 1988; Pierrehum-
bert and Hirschberg 1990). Second, the prosodic systems differ with both 
respect to the position of pitch movements (i.e. primary stressed syllable vs. 
sentence-final syllable) and sentence type (i.e. wh-questions). 
There are a total of 10 subjects who participated in the experiment. 
Four of the subjects were native speakers of Mandarin. The native speakers 
in the experiment act as a control group and provide data on the normal 
variation of lexical tones in continuous speech. Of the six non-native speakers, 
four are native speakers of American English and two are native speakers of 
Japanese. The subjects were all voluntarily recruited through word-of-mouth 
and postings on the campus of The Chinese University of Hong Kong. The 
subjects were compensated for their time with a fixed payment of $100 HKD. 
None of the subjects were informed of the details of the research hypothesis 
before or during the experiment. 
The non-native speakers were required to meet three criteria in order to 
participate in the experiment: (1) able to read simple Mandarin sentences 
in pinyin (2) started learning Mandarin as an adult (3) native speaker of 
either English or Japanese. All the non-native speakers had between 200-400 
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Subject Sex Age Birthplace LI Hours 
" m M ^ New York, New York, USA English 472 
E2 M 21 Detroit, Michigan, USA English 200 
E3 M 24 San Francisco, California, USA English 432 
E4 F 22 Stockton, California, USA English 288 
J1 F 30 Sapporo, Japan Japanese 360 
J2 F 25 Hokkaido, Japan Japanese 264 
Ml F 29 Tianjin, China Mandarin Native 
M2 F 22 Yinchuan, Ningxia, China Mandarin Native 
M3 M Beijing, China Mandarin Native 
M4 F 27 Nanjing, Jiangsu, China Mandarin Native 
Table 4.2: Background information on subjects for the production and per-
ception experiments 
instructions hours of Mandarin. There was no specific requirement on the 
proficiency level in Mandarin. This range of proficiencies avoids the problem 
of altogether failing to observe transfer due to being too advanced in their 
development. Table 4.2 shows the relevant background information about 
the subjects including their sex, age, birthplace, LI background, and hours 
of Mandarin instruction. The hours were calculated based on the subjects' 
self-reported transcript of language classes they had taken in Mandarin. 
4.4 Procedures 
All of the sound recordings were conducted in a sound-proof recording stu-
dio. The subjects were recorded directly to computer using a uni-directional 
microphone and pre-amplifier at 44,100Hz. The sound files underwent post-
processing using a high-pass filter (75Hz) to filter out non-audible noise and 
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provide a more clear spectrogram for analysis. The amplitude of the files was 
also normalized to eliminate volume differences when comparing recordings 
between speakers. 
The subjects were first asked to fill in a short questionnaire on their 
language background and learning experience with Mandarin. All of the 
subjects also signed an informed consent form. None of the subjects were 
told specifically that the experiment was about tone to avoid making the 
subjects self-conscious of their tone production. 
The production experiment was conducted first. In the first part of the 
experiment, the subject was given a randomized list of the eight target words 
and 23 other monosyllabic and disyllabic words in pinyin. Each of the four 
tones were represented in both the monosyllabic and disyllabic words. The 
disyllabic words all began with a tone bearing syllable followed by a toneless 
syllable (i.e. 'neutral tone'). The subject was instructed to read all the words 
on the list with a moment of silence between each word. An example word 
was read first to check the volume settings for the recording and make sure 
the subject understood the procedures. In the second part of the production 
experiment, the subjects was given a randomized list of 40 sentences. They 
were instructed this time to study the sentence first and then recite the sen-
tence without looking at the paper. The subject was also told to notify the 
researcher if any of the sentences were not comprehensible to them. The pur-
pose of having the subjects recite the sentence without looking at the paper 
was to avoid an unnatural 'reading' intonation and over-careful pronuncia-
tion of the pinyin. It is crucial to the hypothesis of intonation-lexical tone 
transfer to elicit a production that reflects the subjects' own L2 grammar 
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and not simply measures their ability to mimic the target grammar. Each 
sentence was recorded individually and the subject was given as much time 
as need to review the sentence before recitation. 
The subject was given a short break before continuing into the perception 
experiment. The perception experiment was conducted using a laptop and 
high-quality, over-the-ear headphones. The subject was instructed to listen 
to the monosyllabic or disyllabic stimulus word and circle the syllable(s) with 
correct tonal diacritics. The stimuli were said to be Chinese names given to 
non-Chinese people. These instructions were intended to make it clear to 
the subject that the stimulus words should be treated as Chinese words even 
though they do not have lexical meaning. In the first section, the stimulus 
were 24 nonsense words presented to the subject every 8 seconds. This 8 sec-
ond pause was determined in independent tests to be sufficient time needed 
for the subject to answer the question without inducing an unnecessarily long 
waiting time. As in the production experiment, the subject was asked to step 
through a sample item with the investigator to ensure they understood the 
instructions. In the second section, the stimulus words were embedded in 
a sentence of either a basic declarative Td jido ... 'He is called ...，，a wh-
interrogative Shui jido ... 'Who is called ...?', a verb-neg-verb interrogative 
Td shi bu shi jido ...? 'Is he called ...?，，or a sentence final particle interrog-
ative Td jido ... ma? 'Is he called ...?'. The frame sentence and choices for 
stimulus syllables were both presented to the subject in pinyin. The subject 
was only required to circle the syllables with the correct tonal diacritics for 
the monosyllabic or disyllabic stimulus words. 
At the end of the experiment the subject was asked if any task was un-
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duly difficult or tiring. No subject reported that the experiment was overly 
demanding. 
4.5 Data transcription and statistical analy-
sis 
The production data from the speakers was transcribed by the author using 
Praat, a speech analysis software program by Boersma and Weenink (2008). 
An example of the transcription for the word jiejie 'elder sister' by Subject 
E2 is shown in Figure 4.1. Note in this figure that the FQ contour is only 
partially visible due to creaky voice on the second syllable. The speech was 
first segmented by syllable breaks and broadly transcribed using pinyin ro-
manization with lexical tone numbers. The lexical tone numbers indicate the 
underlying tone. The actual FQ contours of the subjects were transcribed as 
either Tone 1 (H), Tone 2 (R), Tone 3 (L), or Tone 4 (F). The transcription 
of the pitch was done by considering both FQ track and perceptual analysis. 
Unstressed syllables were transcribed as N (abbreviated from the term 'neu-
tral tone'). Since unstressed syllables have different pitch shapes according 
to the preceding lexical tone (see Section 2.2), the suprasegmental features 
of duration and intensity were primarily used to distinguished unstressed 
syllables from syllables with lexical tone. 
The tone identification data from the perception experiment was tabu-
lated in computer-readable format. There were no cases of incomplete or 
ambiguous responses. 
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Figure 4.1: Sample of E2's production of jiejie 'elder sister' to illustrate how 
experimental data was transcribed 
The transcribed FQ contours from the production data and the tone iden-
tifications from the perception were analyzed using the statistical package 
R (R Development Core Team 2007). The Fisher's Exact Test was used 
for testing statistical significance. The more well-known test, Chi-squared, 
typically used for testing nonrandom correlation between two categorical 
variables was specifically not used because it is a parametric statistical test. 
The Chi-squared test assumes sample sizes are large enough such that sam-
pling distribution of the test statistic is approximate to the chi-distribution 
(i.e. expected values are greater than 5). This assumption is not valid in 
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this study and so the non-parametric statistical test, Fisher's Exact Test, 
was used. This test is more accurate than Chi-squared since it does not rely 
on a test statistic, but this comes at the cost of increased computational 
complexity. Fortunately, the relatively small sizes of the contingency tables 
and power of modern computers makes this drawback inconsequential. 
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Chapter 5 
Results of production and 
perception experiments 
This chapter summarizes the results of the production and perception exper-
iments conducted to investigate intonation-lexical tone transfer. The results 
show that there is no statistically significant correlation between pitch and 
sentence type in the production experiments nor tone identification and sen-
tence type in the perception experiments. The results of the production 
experiment will be presented first and then followed by the perception ex-
periment results. 
5.1 Production experiment results 
The results of the experiment are first presented separately for each speaker, 
according to their LI background. The final sub-section gives the statistical 
analysis of the hypothesis testing of the English and Japanese learners as 
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a group. The data for the results of this section comes from the stimulus 
materials in Appendix A. 
5.1.1 Effect of lexical tone category on pitch produc-
tion 
This section examines whether there is a correlation between the lexical tone 
category and pitch for the subjects. The data of this section comes from 
the eight stimulus words gao 'tall', chd 'tea', xmo 'small', rou 'meat', dongxi 
'things', fdngzi 'house', jiejie 'elder sister', and didi 'younger brother' across a 
variety of intonational contexts, including: syllables word-finally in the four 
sentence types, syllables sentence-medially in sentences with relative clauses, 
and syllables in isolated words (monosyllabic and disyllabic). 
According to the discussion of Mandarin prosody in Section 2.2, native 
speakers of Mandarin should have a perfect correlation between lexical tone 
and pitch. If non-native speakers have not fully acquired lexical tone and/or 
there are effects of intonational transfer, then there should be little or no 
correlation between lexical tone and pitch. 
There are two objectives for analyzing the correlation of lexical tone and 
pitch in the non-native subjects. The first objective is to identify the non-
native subjects whose lexical tone and pitch correlation is not native-like (i.e. 
weak correlation). The results of these subjects will be further analyzed for 
prosodic transfer effects. There is no motivation to further analyze the re-
sults of non-native subjects who have native-like performance. The second 
objective is to determine whether the non-native pitch productions can be 
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explained by the factor of lexical tone category alone. For example, consider 
the case of a hypothetical non-native subject who produces all Tone 1 syl-
lables as falling pitch. This overproduction of falling pitch would unlikely 
be the result of prosodic transfer as stated in Hypotheses 4.1 and 4.3 since 
there is no correlation of pitch to the intonational context. Instead, this non-
target production would likely be caused by other factors, such as phonetic 
or phonological properties of the Tone 1 category. 
The pitch production for each lexical tone category by native Mandarin 
speakers in all intonational contexts is given in Figure 5.1. In the figure 
there are five bar graphs for the stimulus syllables from each of the four 
lexical tone categories and syllables without lexical tone (i.e. neutral tone). 
The bar plots reflect the percentage of the syllables with the given lexical tone 
category which were produced with either high level pitch (H), rising pitch 
(R), low or low dipping pitch (L)^ , or none of the citation pitch forms due to 
being unstressed (N). For example, the first bar plot entitled "Tone 1" shows 
that all four native Mandarin speakers—Ml, M2, M3, and M4—produce all 
Tone 1 syllables with high level pitch (H). 
The results of Figure 5.1 show a perfect correlation between lexical tone 
category and pitch for native Mandarin speakers. Tone 1 syllables are all 
produced with high pitch, Tone 2 syllables rising pitch, Tone 3 low pitch, and 
Tone 4 falling pitch. This is consistent with previous research that the basic 
pitch contours of native Mandarin speakers remain identifiable regardless 
of intonational contexts (Ho 1976, 1977; Shen 1990). Contrary to native 
1 For simplicity, the following discussion will refer to this pitch production as low pitch. 
It should be understood that speakers may realize it as both low-dipping pitch or low pitch 
as discussed in Section 2.2. 
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Figure 5.1: Percentage of pitch production for each lexical tone category 
among native Mandarin speakers in all intonational contexts 
speakers, none of the non-native subjects produced pitch in exact accordance 
to the lexical tone category. The rest of this section will examine the pitch 
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Figure 5.2: Percentage of pitch production for each lexical tone category 
among English learners in all intonational contexts 
production of the English and Japanese learners of Mandarin. 
Figure 5.2 presents the percentage of pitch production for each lexical 
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tone category among the English learners. In Tone 1 syllables, three of the 
English subjects—--El, E3, and E4 produced the majority of syllables with 
high pitch. The most common error among Tone 1 syllables was to use falling 
pitch instead of high pitch. Subject E2 did not produce any single pitch on a 
majority of Tone 1 syllables, and instead produced either high, low, or falling 
pitch. 
In Tone 2 syllables, the subjects El, E3, and E4 again produced the 
majority of syllables correctly with rising pitch. The most common error 
for these three subjects was to produced Tone 3 syllables with low pitch. 
Subject E2 again demonstrated a lack of categorical pitch produced and 
produced high, rising, low, and falling pitch at near equal rates. 
The majority of Tone 3 syllables were produced correctly with low pitch 
by El, E3, and E4. The errors of Tone 3 syllables made by these three 
subjects were either production of high or falling pitch instead of low pitch. 
Subject E2 produced a majority of Tone 3 syllables incorrectly with falling 
pitch and only a minority were produced correctly as low pitch. 
The majority of Tone 4 syllables were produced correctly by subjects El, 
E3, and E4 with falling pitch. The two most typical errors for these subjects 
were either high or low pitch production. Subject E2 had equal rates of rising 
and falling production for Tone 4 syllables. 
The last group, neutral syllables, were produced correctly by all subjects 
in nearly all cases. 
In summary, the correlation of lexical tone and pitch production for the 
three English speakers—El, E3, and E4—is quite high. This suggests that LI 
intonation transfer is not a significant factor in the lexical tone production for 
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these speakers. However, there are still some lexical tone production errors 
even for these speakers which might be explained from LI intonation transfer. 
Subject E2, on the other hand, has little to no correlation between lexical 
tone and pitch production. There is a possibility that the pitch production 
pattens of E2 may arise from LI intonation and be correlated to sentence 
type instead. The next section will examine the correlation of sentence type 
and pitch production in more detail. 
The percentage of pitch production per lexical tone category for Japanese 
learners is shown in Figure 5.3. Among Tone 1 syllables, nearly all were 
produced with high pitch by the two Japanese learners. The exception was 
a monosyllabic word gdo 'tall' produced with low pitch in a ma-question. 
The majority of Tone 2 syllables were correctly produced with rising 
pitch by J l , but erroneously produced with high pitch by J2. As virtually no 
syllable was produced with rising pitch by J2, this appears to suggest that 
J2 has not acquired all four lexical tone categories of Mandarin. Instead, J2 
only demonstrates three distinct categories: Tone 1, Tone 3, and Tone 4. 
The majority of Tone 3 syllables were produced by both J l and J2 as low 
pitch. The only exception being a monosyllabic word xmo 'small' produced 
with rising pitch in a right-most position of a relative clause. 
All of the Tone 4 syllables were realized with falling pitch by J l , but a 
significant proportion had high pitch for J2. Further examination of these 
high pitch Tone 4 syllables produced by J2 shows that they occur across a 
variety of intonational contexts but all are the first syllable of the same word 
didi 'younger brother'. This suggests that the problem lies in J2，s lexical 
representation, where the subject has incorrectly associated Tone 1 to the 
114 
o Tone1 (n=12) § Tone2(n=12) 
！111 ！I n I 
r : I 
— � : — — I d ： 
J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 
H R L F N H R L F N 
o Tone 3 龙=12) o Tone4(n=12) 
• § 
§ • S 
o • o. 
I ^ n 
o • o. 
cvj- • C\J 
J 一 • - • ] oJ - U 
J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 
H R L F N H R L F N 
o Neutral Tone (n=24) 
I J 
� � _ L J mm_ _ L J • L J 
J1 J2 J1 J2 J1 J2 J1 J2 J1 J2 
H R L F N 
Figure 5.3: Percentage of pitch production for each lexical tone category 
among Japanese learners in all intonational contexts 
first syllable instead of Tone 4. 
Finally, among the neutral tone syllables, the majority are produced cor-
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Figure 5.4: Percentage of accurate pitch production for sentence-final posi-
tions and non-sentence-final positions 
rectly by J1 and J2 as unstressed. Closer examination of the exceptional cases 
shows that majority come from the second syllable of the familial terms didi 
'younger brother' and jiejie 'elder sister'. There is a consistent pattern in 
J2's productions of low pitch on the second syllable of didi and high pitch 
on the second syllable of jiejie. So, again, the error seems to arise from an 
incorrect lexical representation rather than intonational context. 
The performance of pitch production in the sentence-final position and 
the noii:sentence-final positions was very similar across all lexical tones. Fig-
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Figure 5.5: Percentage of accurate pitch production for each lexical tone 
category among all subjects 
ure 5.4 shows the accuracy of pitch production in the sentence-final position 
(i.e. decl, wh, ma, and vnv sentences) and non-sentence final positions (i.e. 
relative clauses and isolated words). For most of the learners there was a 
very slight decrease in accuracy for the sentence-final tasks but it is not 
significantly different for any of the subjects. 
The last figure of this section, Figure 5.5, summarizes the percentage of 
accurate pitch production by lexical tone category for all subjects. The first 
graph shows the rate of correct pitch production for the four lexical tone 
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categories and neutral tone among the native Mandarin speakers. As noted 
earlier, the native subjects produced all lexical tones with the correct pitch, 
so all categories have 100% accuracy. 
The second graph in Figure 5.5 shows the accuracy of lexical tones for 
English learners. For subjects El, E3, and E4, the least accurate lexical 
tone category was Tone 1. The most accurate lexical tone for these subjects 
were either Tone 2 or Tone 3. This finding of difficulty for Tone 1 syllables 
is also consistent with the findings of Shen (1989). The accuracy rates of 
E2 however were near chance-level for Tone 1, Tone 2, and Tone 3. Tone 4 
had a slightly higher accuracy rate but still significantly lower than the other 
English learners. This further demonstrates the lack of correlation between 
lexical tone category and pitch production for E2. As noted previously, the 
accuracy of neutral tone syllables is high across all English learners. 
The third graph of Figure 5.5 presents the accuracy rates of lexical tones 
for Japanese learners. Subject J1 has high accuracy across all lexical tone 
categories including the neutral tone. Subject J2 has the highest accuracy on 
Tone 3 but near-zero accuracy on Tone 2 syllables. Tone 4 and the neutral 
tone syllables both have less accuracy than Tone 1 and Tone 3, due to J2，s 
lexicon issues discussed previously in the section. 
In summary, most of non-native subjects produced the same pitch contour 
as native speakers for the majority of the syllables in any given lexical tone 
category. The notable exceptions to this are subject E2 and subject J2. 
The former did not have strong correlation between lexical tone categories 
and pitch. Of the three positive correlations, two were in contradiction to the 
native grammar (i.e. rising pitch on Tone 4 tokens and falling pitch on Tone 3 
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tokens). Subject J2 generally did not produce rising pitch and produced Tone 
2 tokens with high pitch instead. These two subjects are of particular interest 
in the further investigation of correlation between pitch and sentence type. 
Additionally, the seemingly "spurious" productions of pitch demonstrated 
by every non-native speaker (i.e. cases where pitch was not significantly-
correlated to lexical tone category) will be key data to test whether the 
weaker form of the hypotheses of Chapter 4 are supported. In other words, 
can these "spurious" productions be accounted for by LI intonation transfer? 
5.1.2 Effect of sentence type on pitch production 
The hypotheses presented in Chapter 4 claim the sentence-final pitch pro-
ductions of Mandarin learners are correlated to their LI intonational tunes 
and not the lexical tone category. The Figures 5.7 and 5.8 in this section 
provides the relevant data from the six non-native speakers to test these hy-
potheses. The data of this section is a subset of the previous section. It 
includes the eight stimulus embedded in set of intonationally-balance con-
texts： sentence-final position of declaratives (DECL), wh-questions (WH), 
vnv-questions (VNV), and ma-questions (MA). Each figure has four bar 
graphs corresponding to the four sentence types. The graph shows the per-
centage of syllables in each sentence type produced with high (H), rising 
(R), low or low dipping (L), and falling (F) pitch. Syllables produced as 
unstressed are denoted as N. 
Figure 5.6 shows the native speaker production of pitch according to the 
four sentence types. From the previous section data, it is known that the 
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Figure 5.6: Percentage of pitch production for each sentence type among 
native Mandarin speakers 
native speakers produced all syllables with the correct pitch. Thus, these fig-
ures show not only the distribution of pitch production on the sentence types 
but also the distribution of the underlying lexical tone categories. There are 
equal numbers of Tone 1, Tone 2, Tone 3，and Tone 4 syllables in the dataset. 
There are twice as many neutral tone syllables for any given lexical tone cat-
egory. Thus, a 1:1:1:1:2 ratio or distribution of 16.7%, 16.7%, 16.7%, 16.7%, 
and 33.3% across the five categories indicates no particular correlation of 
pitch with sentence type. 
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Figure 5.7: Percentage of pitch production for each sentence type among 
English learners 
According to the hypothesis of intonation-lexical tone transfer in Chap-
ter 4, the final stressed syllable of English learners may be produce as falling 
or rising pitch depending on the sentence type. In declaratives and wh-
questions, there should be a high rate of falling pitch production and low 
rate of other pitch contours (i.e. high, rising, and low pitch). In polar ques-
tions, namely ma-questions and vnv-quest ions, there should be a high rate 
of rising pitch and low rate of the other pitch contours. Final unstressed 
syllables should not be affected and thus no change in the rate of neutral 
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tone syllable production is expected across sentence types. 
The pitch production of English learners by sentence type is show in 
Figure 5.7. The dotted black lines show the expected percentage of each 
pitch type (i.e. native-like performance). In declarative sentences, subjects 
El and E4 have a pitch production pattern matching native speakers. Subject 
E2 and E3 have an increased production of falling pitch, as predicted by the 
hypothesis. 
However, in the ma-questions subject E2 also has an increased production 
of falling pitch which is contrary to the hypothesis of intonation-lexical tone 
transfer. Subject E4 also has a slight increase production of falling pitch in 
ma-questions. Subject E3 has an increased production of low pitch. The 
distribution of El's pitch patterns matches native speakers. No speaker had 
an increase in rising pitch production as expected in ma-questions. 
In vnv-questions there was also no increase in rising pitch production by 
any speaker. Instead, E2 had an increase in low pitch and the other speakers 
had a slight increase in falling pitch. Both patterns do not fit the hypothesis 
of intonation-lexical tone transfer. 
The wh-questions had a increased production of low pitch by subject E3. 
Subject E2 had a slight increase of both rising and falling pitch production. 
Subject E4 had a slight increase of both low and falling pitch production. 
Subject El had a slight increase in falling pitch production. Although the 
increases in falling pitch production are consistent with the hypothesis, the 
increase is very slight. In the cases of subjects E2 and E4, the increase falling 
pitch production also comes with a contradictory increase in rising and low 
pitch production. 
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Figure 5.8: Percentage of pitch production for each sentence type among 
Japanese learners 
From the evidence given in Figure 5.7, there is very little support for the 
hypothesis of intonation-lexical tone transfer. A statistical analysis of this 
hypothesis in the following section also comes to the same conclusion. 
The predictions made by the hypothesis of intonation-lexical tone transfer 
for Japanese learners has some crucial differences from the English learners. 
Japanese learners are predicted to produce rising or falling pitch on the final 
syllable“regardless of stress—depending on the intonational context. In 
declaratives, there should be a increase of falling pitch production at the 
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expense of unstressed syllable production. In all questions, there should be 
an increase of rising pitch production at the expense of unstressed syllable 
production. 
The results of the pitch production experiment for Japanese learners is 
given in Figure 5.8. Across all sentence types, J1 has a pitch distribution 
matching native speakers so there is clearly no increase of either rising or 
falling pitch production. The following discussion will focus on subject J2's 
productions instead. 
In declaratives, subject J2 has an increase of high and low pitch produc-
tion at the expense of rising pitch and unstressed syllables. This does not 
fit with the predictions above. However, these productions have all been ex-
plained previously by the lack of rising pitch in J2's tonal phonology and the 
change in lexical representation. In the ma-questions, J2 has an increased 
production of low pitch at the expense of rising pitch. While this is not 
explained by J2，s merging of Tone 1 and Tone 2 categories, it is not consis-
tent with the hypothesis of intonation-lexical tone transfer either. For the 
last two sentence types there is an increase in high pitch production mostly 
at the expense of rising pitch. This cases are explained by the general lack 
of rising pitch in J2's production and substitution of high pitch instead. In 
summary, there is no evidence of intonation-lexical tone transfer for the pitch 
production of Japanese learners. 
The Figure 5.9 summarizes the data of this section by presenting the 
accuracy of lexical tone production according to the sentence types for each 
group of subjects. Native Mandarin speakers have 100% accuracy for all 
tones, regardless of sentence type. The English subjects El and E4 have 
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Figure 5.9: Percentage of accurate pitch production for each sentence type 
among all subjects 
the least accurate production of lexical tone in wh-questions and the most 
accurate production in declaratives, albeit is a relatively small difference. The 
subjects E2 and E3 have nearly identical accuracy rates across sentence types. 
Among the Japanese subjects, J1 has perfect accuracy in all sentence types. 
J2 has nearly identical performance across all sentence types. The relatively 
small difference of g^ ccuracy rates suggests that there are no compounding 
factors of Mandarin intonation affecting lexical tone production either. The 
next section will examine the results of statistical hypothesis testing for the 
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Falling pitch Rising pitch 
Subject DECL/WH VNV/MA p-value DECL/WH VNV/MA p-value 
(n=16) (n=16) (n=16) (n=16) 
" E l ^ ^ Kq ^ 0.657 
E2 50.0 50.0 0.638 25.0 12.5 0.914 
E3 25.0 25.0 0.657 25.0 12.5 0.914 
E4 ^ 37.5 0.500 25.0 0.500 
Table 5.1: Percentage of falling pitch and rising pitch production on final 
stressed syllables by English learners according to the different LI intona-
tional context (declaratives/wh-questions vs. polar questions) 
data of this section. 
5.1.3 Summary of tone production results 
Statistical analysis of the results shows that the intonation-lexical tone trans-
fer hypotheses for English learners of Mandarin are not supported. English 
learners were hypothesized to overproduce falling pitch in the final stressed 
syllables of declaratives /wh-questions (Hyp. 4.1) and overproduce rising pitch 
in polar questions (Hyp. 4.2). Table 5.1 shows the percentage of falling and 
rising pitch in each of the two sentence types. As discussed in the experimen-
tal design, the four lexical tone categories were balanced across the sentence 
types. So if the hypotheses of overproduction were true, then the occurrence 
of falling pitch should be significantly higher in declaratives/wh-questions 
than polar questions. Likewise, the occurrence of rising pitch would be signif-
icantly greater in polar questions as compared to declaratives/wh-questions. 
In fact, the Fisher's Exact Test shows there is no significant difference in the 
occurrence of falling pitch or rising pitch between the two sentence types for 
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Falling pitch Rising pitch 
Subject DECL WH/VNV/MA p-value DECL WH/VNV/MA p-value 
(n 二 8) (n=24) (n=8) (n=24) 
" J l T ^ T ^ m m 0.746 
J2 12.5 0.746 0.0 0.0 1.000 
Table 5.2: Percentage of falling pitch and rising pitch production on final syl-
lables by Japanese learners according to the different LI intonational context 
(declaratives vs. wh-questions/polar questions) 
any of the English subjects (p > 0.05). 
The analysis of the results from Japanese learners indicates that the 
intonation-lexical tone transfer hypotheses are not supported. Japanese 
learners of Mandarin were hypothesized to overproduce falling pitch on the 
final syllables of declaratives and rising pitch in questions. Table 5.2 gives 
the percentage of falling and rising pitch in the declaratives and questions. 
The differences between the occurrence of falling pitch in declaratives and 
questions is not statistically significant for any subject (p > 0.05, Fisher's 
Exact Test). The occurrence of rising pitch across declarative and questions 
is also not significantly different. 
The results have shown that the generalized hypothesis of intonation-
lexical tone transfer is not supported by the results of this study. There is 
no consistent evidence of overproduction of falling pitch in declaratives and 
wh-questions for English learners or rising pitch in polar questions. There 
is also no consistent evidence supporting the similar hypotheses made for 
Japanese learners of Mandarin. 
127 
5.2 Perception experiment results 
The perception experiment aimed to test the hypothesis that English and 
Japanese speakers have a correlation of lexical tone identification with sen-
tence type. This hypothesis follows from the view that the LI intonational 
knowledge will assist the learner to accurately identify the L2 lexical tone 
when it is congruent with the lexical tone and interfere when the LI intona-
tion is incongruent with the L2 lexical tone. In particular, it is expected that 
English learners will tend to perceive falling pitch in the final-stressed syllable 
of declaratives /wh-questions and rising pitch in polar questions. Japanese 
learners are predicted to perceive falling pitch on the final syllable of declar-
atives and rising on all questions. 
In the following sections, the underlying lexical tone of the syllable is 
referred to as Tone 1，Tone 2, Tone 3, or Tone 4. Syllables which underlying 
have no tone are referred to as neutral tone. The identification response of 
the subjects are referred to as H, R, L, or F in order to avoid confusion with 
the underlying lexical tone. Syllables identified as neutral tone are denoted 
with N. 
5.2.1 Effect of lexical tone category on lexical tone 
identification 
The native Mandarin speakers' lexical tone identification performance is 
shown in Figure 5.10. The results are grouped based on the underlying 
lexical tone of the syllable. Each bar in the plot represents the percentage of 
tokens with the given lexical tone identified as either H, R, L, F, or N by the 
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Figure 5.10: Percentage of tone identification for each lexical tone category 
among native Mandarin speakers in all intonational contexts 
speaker. The four different colors of the bar correspond to the four different 
native Mandarin-speaking subjects. The data set includes all of the syllables 
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in the word list, sentence-initial position of wh-questions, and sentence-final 
position of the four sentence types (DECL, WH, VNV, MA). 
As seen in Figure 5.10, the native subjects' identification of lexical tone is 
not as consistent as the results from the tone production experiment. While 
Tone 1 and Tone 4 syllables were all accurately identified as H and F respec-
tively, the Tone 2, Tone 3, and neutral tone syllables had some misidenti-
fications. Tone 2 was clearly the most difficult tone for native speakers to 
perceive. Three out of the four subjects misperceived Tone 2 as L. Further 
examination of the context where this misperception occurs shows that eight 
of the nine misperceptions occurred in isolated disyllabic words (e.g. Kata, 
Pata, etc.). The ninth occurred in a monosyllabic word in a ma-sentence 
where it is followed with the neutral tone syllable ma. Tone 3 was also mis-
perceived by one speaker as F in two cases, also isolated disyllabic words. 
Although the objective of this study does not set out to understand the 
lexical tone misperceptions of native speakers, it is worthwhile to note that 
these misperceptions may be explained by the voiceless aspirated stops of 
the stimulus words. Voiceless aspirated stops usually cause a higher pitch 
perturbation in the initial segment of the vowel due to the greater pressure 
required to produce the stop (Ladefoged 2001). This higher pitch perturba-
tion could explain why a Tone 2 syllable with rising pitch is misperceived as 
L with dipping-rising pitch and Tone 3 is perceived as falling pitch. Lastly, 
the neutral tone syllables were sometimes misperceived as H or L by two of 
the four native subjects. However, there was no consistent pattern of these 
neutral tone misperceptions with regards to the preceding lexical tone or the 
sentence type. 
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Figure 5.11: Percentage of tone identification for each lexical tone category 
among English learners in all intonational contexts 
The perception results of the English learners of Mandarin by lexical 
tone category are shown in Figure 5.11. Like the native speakers, all of the 
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English learners have high accuracy in identifying the Tone 1 syllables. In 
three cases, Tone 1 syllables were misperceived as F and in one case Tone 1 
was misidentified as N. Unlike the native speakers, two of the four English 
learners had significant trouble in identifying Tone 4 syllables. Subjects 
E2 and E3 both had a strong tendency to misidentify Tone 4 as H. This 
misidentification occurred in all of the possible intonational contexts and both 
monosyllabic and disyllabic words. Tone 2 syllables were particularly difficult 
for subject E3 to perceive accurately. The majority of Tone 2 syllables were 
identified as L by subject E3. No subject misperceived Tone 2 as H. The 
Tone 3 syllables were also only misperceived as R, F, or N but never H. 
Subject E3 identified the majority of Tone 3 syllables as L but misperceived 
a significant number as F, given rise to the same pattern of Tone 2 and 
Tone 3 misperceptions seen in native speakers. Subject E2 had considerable 
difficulty in perceiving Tone 3 syllables and misidentified the majority of 
these syllables as R. Subject El identified the majority of Tone 3 as L but, 
like subject E2, also misperceived a significant number of these syllables as 
R. This misperception of Tone 3 as R is unique differently from the native 
speakers, who never demonstrate this misperception pattern. Finally, the 
neutral tone syllables were often misperceived as F by both subjects E2 and 
E3. But as with the other misperceptions mentioned, there was no common 
factor of sentence type or syllable-position. 
Figure 5.12 gives the percentage of H, R, L, F, and N identification for 
each lexical tone category among the Japanese subjects. Consistent with 
both native subjects and English learners, the identification of the Tone 1 
syllables is highly accurate. The subjects each misidentified Tone 1 syllable 
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Figure 5.12: Percentage of tone identification for each lexical tone category 
among Japanese learners in all intonational contexts 
as F only one time. The other tones—Tone 2, Tone 3，and Tone 4一were 
identified with near 100% accuracy rates by the subject J l . On the other 
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Figure 5.13: Percentage of accurate tone identification for sentence-final po-
sitions and non-sentence-final positions 
hand, subject E2 misperceived a majority of the Tone 2 syllables as L. Subject 
J2 also had significant troubles in correctly perceiving Tone 3 and Tone 4. 
Nearly 40% Tone 3 syllables were misidentified as R and the same percentage 
of Tone 4 syllables were misidentified as H. Japanese subjects also identified 
neutral tone syllables with relatively high accuracy. The perception of neutral 
tone syllables was most difficult for subject J1 but, surprisingly, easier for J2. 
Across both of the subjects seven of the eleven neutral tone misperceptions 
were sentence-final position of wh-questions, the remaining four were in 
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Figure 5.14: Percentage of accurate tone identification for each lexical tone 
category among all subjects 
declarative and ma-questions. The misidentifications were evenly distributed 
across H, R, and L. 
Like the pitch production task, the performance of tone identification 
in sentence-final positions and the non-sentence-final positions was similar 
across all lexical tones as shown in Figure 5.4. While some learners had a 
slight advantage in tone identification of non-sentence-final syllables (e.g. E3 
and E4), others had a slight disadvantage (e.g. 32). However the differences 
were not significant for any speaker, native or non-native. 
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The last figure of this section, Figure 5.14, summarizes the identification 
accuracy of each lexical tone category among all the subjects. No native 
speaker has 100% accuracy in all lexical tone categories. The most inaccu-
rately perceived lexical tone for most native speakers is Tone 2. This lexical 
tone category is also the most difficult for subjects E3 and J2, but not the 
other non-native subjects. For all subjects, both native and non-native, Tone 
1 is highly accurate (i.e. correctly identified in more than 95% of the Tone 
1 syllables). Otherwise, the accuracy of lexical tone identification is quite 
individualized. Subject E2 has below-chance levels of accuracy for Tone 3 
and Tone 4 syllables. Subject J2 and E3 have below-chance levels of accuracy 
for Tone 2 syllables. Subjects El, E4, and J1 have relatively high rates of 
accuracy (i.e. 80% and above) on all lexical tone categories. 
5.2.2 Effect of sentence type on lexical tone identifica-
tion 
The previous section demonstrated that several of the non-native subjects 
have a high correlation between tone identification and lexical tone category, 
in line with native Mandarin speakers. At the same time, several non-native 
subjects—in particular, E2, E3, and J2 —had poor correlation between some 
lexical tone categories and tone identification. In this section, I will examine 
whether there may actually be correlation between tone identification and 
intonational contexts. 
To begin, let us consider the perception results of the native Mandarin 
speakers. Since the sentence types are balanced for four lexical tone cate-
136 
o decl(n=12) o ma (n=12) 
•I— 1— 
o o 




寸 寸 ...... 
圓；IbjulDimS 
M l M 2 M 3 M 4 M 1 M 2 M 3 M 4 M l M2M3M4 M 1 M 2 M 3 M 4 M 1 M 2 M 3 M 4 M 1 M 2 M 3 M 4 M 1 M 2 M 3 M 4 M l M 2 M 3 M 4 M 1 M 2 M 3 M 4 M 1 M 2 M 3 M 4 
H R L F N H R L F N 





o. O. -"t t .. 
'」•___圓 
M l M 2 M 3 M 4 M 1 M 2 M 3 M 4 M l M 2 M 3 M 4 M 1 M 2 M 3 M 4 M 1 M 2 M 3 M 4 M 1 M 2 M 3 M 4 M 1 M 2 M 3 M 4 M l M2M3 M4 M 1 M 2 M 3 M 4 M 1 M 2 M 3 M 4 
H R L F N H R L F N 
Figure 5.15: Percentage of tone identification for each sentence type among 
Mandarin learners 
gories, there should be no significant differences in the percentage of tone 
identification of H, R, L, and F among the four sentence types (i.e. declara-
tives, wh-questions, vnv-questions, and ma-questions). Neutral tone syllables 
have twice the number of tokens as compared to syllables with underlying 
tone, so it is expected that the percentage of N identification is twice that 
of the H, R, L, and F rates. The dotted black line showes the expected 
identification rates of H, R, L, F, and N (16.7%, 16.7%, 16.7%, 16.7%, and 
33.3%). 
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Figure 5.15 gives the perception rate of the four lexical tones by native 
Mandarin speakers in the four sentence types. The results generally confirm 
the expectations stated above. The perception rates of the vnv-questions 
are exactly as predicted. The other three sentence types have some small 
discrepancies but no definitive trend of a particular tone being perceived ac-
cording to sentence type and not its underlying lexical tone category. Nearly 
all discrepancies are due to some neutral tone syllables being misperceived 
as having lexical tone. This was particularly true for subject Ml, but as 
stated in the previous section there is no clear correlation of the neutral tone 
misperceptions and the variables of either sentence type or preceding lexical 
tone. What can be concluded by examining the native speaker perception re-
sults is that lexical tone perception is not as reliable as production but there 
appears to be no additional conditioning factors on lexical tone perception 
from sentence type. 
The tone identification rate according to sentence type for English learn-
ers is show in Figure 5.16. The English learners were hypothesized to be 
more prone to perceive F in declaratives and wh-questions and R in polar 
questions. There is no clear evidence of either hypothesis from the results. 
In declarative sentences, subjects El and E4 have the 1:1:1:1:2 ratio of na-
tive speakers. Subject E3 had more variability in perception but not more 
than any of the native Mandarin speakers. Subject E2 was unique in that 
he did not identify any syllables in declaratives as L. But there is no partic-
ular bias subject E2's misperception of Tone 3 syllables: they were evenly 
misperceived as either H, R, F, or N. 
In the ma-questions, three of the English learners—El, E2, and E3—have 
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Figure 5.16: Percentage of tone identification for each sentence type among 
English learners 
some difficulty in perceiving the neutral tone syllables. This does not follow 
from the hypotheses; instead, it was expected that the perception difficulty 
would be seen on non-Tone 2 syllables. These results are unique among the 
other three sentence types. Thus, it appears the lower rate of N perception 
is due to the additional neutral tone syllable ma that only occurs in ma-
questions. The subjects do not as readily identify a neutral tone syllable in 
the final word of the sentence when it is also followed with another neutral 
sentence-final particle. In the perception of the H, R, L, and F tones, subject 
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E2 did not perceive any syllables as L as observed in declaratives. Also, 
subject E3 did not perceive any syllables as R. But otherwise, neither of these 
two subjects had any particular tone that was perceived with a significantly 
higher than expected percentage. 
The vnv-questions show the same phenomenon of non-perception of L and 
R for subjects E2 and E3, respectively. In this sentence, the most interesting 
observation is the remarkable high perception of N by subjects El, E2, and 
E3. Subject E3 has a particularly high rate: perceiving over half of the 
syllables as N. Like the lack of neutral tone perception in ma-questions, this 
observation does not follow the hypothesis of intonation-lexical tone transfer. 
Instead the overperception of N appears to arise from a characteristic unique 
to the vnv-questions. Perhaps it is due to the both the longer length of vnv-
questions and focus on the shi bu shi 'is or is not'. Both of these factors lead 
to the lower prominence on the utterance-final words which could in turn 
lead to a higher perception of unstressed syllables. 
In the last sentence type, wh-questions, there are no remarkable patterns 
of perception. Subject E2 and E3, again, have slightly lower than native-
like perception of L and R as seen in the other sentence types. Considering 
the results presented in Section 5.2.1, the low perception of these two tones 
for these subjects is due to confusion between lexical tone categories and 
not at all related to sentence type. In all intonational contexts, subject E2 
tends to perceive Tone 3 syllables as R and subject E3 tends to perceive 
Tone 2 syllables as L. However, overall, the variability of perception is not 
significantly different from the rates seen with native speakers. 
The tone identification results by sentence type for Japanese learners are 
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Figure 5.17: Percentage of tone identification for each sentence type among 
Japanese learners 
given in Figure 5.17. Japanese learners were hypothesized to have difficulty 
in perceiving the non-Tone 4 final syllables in declaratives and the non-Tone 
2 final syllables in all questions types. These hypotheses imply that neutral 
tone syllables will be perceived as F in declaratives and R in questions. 
But looking at the results, the perception patterns are more consistent with 
native Mandarin speakers than the hypotheses based on intonation-lexical 
tone transfer. In the declarative sentences, the perception of F was consistent 
with native speakers. Subject J1 had lower perception of N and subject J2 
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slightly lower perception of R. The former phenomenon is not seen on other 
sentence types, the latter is also seen in vnv-questions. However, from the 
previous section it is known that J2 has a general tendency to confuse Tone 
2 and Tone 3 syllables. 
The ma-questions results show no major deviation from the native speaker 
patterns, except for a slight increase in the perception of L by both subjects. 
Further inspection shows that both arise from Tone 2 syllables being misper-
ceived as L. This is again appears to be explained by confusion between Tone 
2 and Tone 3 and not the sentence type. The vnv-question is notable in that 
J2 has a significantly higher perception of N similar to the English learners. 
This adds evidence to the account that there is a phonetic explanation to the 
phenomenon and is not due to LI intonation transfer. Subject J1 perception 
pattern of vnv-questions follows the 1:1:1:1:2 ration exactly. Lastly, the wh-
question shows a lack of perception of F for subject J2. This pattern does 
not occur on J2's perception of questions in general, but instead reflect the 
subject general tendency to confuse Tone 1 and Tone 4 seen in the previous 
section. 
Figure 5.18 summarizes the data presented in the section in terms of tone 
identification accuracy for each sentence type. The native Mandarin speakers 
tone identification accuracy across the sentence types is dependent on the 
speaker. Subject M3 and M4 have perfect accuracy (100%) and subject 
M2 has perfect accuracy on all but ma-questions. Subject M l has lower 
rates of accuracy on ma-questions and wh-questions. Among the non-native 
speakers, there also is no particular sentence type which has high or low 
accuracy. For both native and non-native subjects, there is approximately a 
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Figure 5.18: Percentage of accurate tone identification for each sentence type 
among all subjects 
20% range of accuracy across the four sentence type. In conclusion, overall 
tone identification accuracy is not linked to a particular sentence type for 
either native nor non-native subjects. 
5.2.3 Summary of tone perception results 
Statistical analysis demonstrates that there is not sufficient evidence to claim 
that there is intonation-lexical tone transfer in the perception data. The 
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Identified as F Identified as R 
Subject DECL/WH VNV/MA p-value DECL/WH VNV/MA p-value 
(n=16) (n=16) (n 二 16) (n 二 16) 
K 6 ^ K 6 K 2 0.50 
E2 6.2 6.2 0.758 37.5 43.8 0.50 
E3 25.0 12.5 0.914 12.5 0.0 1.00 
E4 ^ 18.8 0.890 ^ 18.8 0.89 
Table 5.3: Percentage of R and F tone identification on final stressed syl-
lables by English learners according to the different LI intonational context 
(declaratives/wh-questions vs. polar questions) 
statistical analysis for English learners given in Table 5.3 presents the p-
values from the statistical hypothesis testing using Fisher's Test. The table 
gives (1) the percentage of final stressed syllables in two intonational contexts 
(i.e. declaratives/wh-questions vs. polar questions) identified as F and (2) 
the percentage of final stressed syllables identified as R. The p-values given 
in the table comes from a one-sided Fisher Test, where the null hypothesis 
is that the odds-ratio is 1 (i.e. no correlation) and the alternative is that the 
odds-ratio is greater than 1 (i.e. F is perceived on declaratives/wh-questions 
more than often than not and R on polar questions). None of the p-values 
are statistically significant at the 0.05 level. The conclusion is that English 
learners do not have a correlation of perceiving F and R according to the two 
intonational contexts. 
Table 5.4 gives the percentage of F and R tone identification for the two 
intonational contexts of Japanese learners (i.e. declaratives vs. questions). 
The p-values come from the same type of one-sided Fisher Test used with the 
English learners. None of the p-values are significant at the 0.05 level. Thus, 
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Identified as F Identified as R 
Subject DECL VNV/MA/WH p-value DECL VNV/MA/WH p-value 
(n=8) (n=32) (n=8) (n=32) 
" J l m r ^ 0J46 ^ Omb~ 
J2 m 8.3 0.853 12.5 16.7 0.633 
Table 5.4: Percentage of R and F tone identification on final syllables by 
Japanese learners according to the different LI intonational context (declar-
atives vs. questions) 
there is no reason to believe that intonation-lexical tone transfer affects the 
perception of lexical tone sentence-finally for Japanese learners. 
In summary, the hypothesis that LI intonation would assist or interfere 
with the perception of rising and falling tones in the two intonational contexts 
for non-native speakers was not supported by the results of the perception 
experiment. This coincides with the results of the production experiment as 
well. The next chapter will discuss in detail how to account for the lack of 
LI intonation transfer and alternative explanations for the lexical tone errors 
observed in this experimental data. 
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Chapter 6 
Discussion of experimental 
results and intonation—lexical 
tone transfer hypothesis 
The previous chapter demonstrated that there is no compelling evidence of 
the hypothesized intonation-lexical tone transfer in the this study's exper-
imental results. The production of pitch and identification of lexical tone 
had no statistically significant correlation with sentence types. Contrary to 
the strong version of the prosodic transfer hypothesis, statistically significant 
correlations of the dependent variables (i.e. pitch production and lexical tone 
identification) were found with the lexical tone categories. The weak version 
of the intonation-lexical tone transfer hypothesis also failed to find support 
in the experimental results. 
There are two logical possibilities that should be considered when an-
alyzing these results: (1) the experimental data sample reflects the actual 
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population data and correctly leads to the rejection of the intonation-lexical 
tone transfer hypothesis and (2) the experimental data sample does not reflect 
the actual population data and has led to a false rejection of the hypothesis. 
In the first section of this chapter, the former condition will be assumed and 
the discussion will focus on how to account for lack of intonation-lexical tone 
transfer. The latter condition will be considered in the second half of this 
chapter by examining the limitations of this study. 
6.1 Analysis of experimental results 
Assuming the results of the experiments are valid, the first issue at stake is 
why LI intonation does not affect sentence-final lexical tones in L2 Mandarin 
as hypothesized. I argue that the explanation is due to a lack of postlexical 
tone transfer altogether. In fact, there is a mutually exclusive relationship 
between the existence of lexical and postlexical tones in the learner data. 
Subjects which demonstrate lexical tone do not demonstrate intonation and 
subjects without lexical tone (namely E2) do demonstrate an intonational 
system. 
The second issue that will be discussed in this section is how to account 
for the lexical tone errors that were witnessed in the experimental data. If 
there is no evidence to claim these lexical tones are due to intonation-lexical 
tone transfer, then what other account can be provided? 
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6.1.1 Lack of postlexical tone transfer 
According to the model of prosodic phonology adopted in this study, intonation-
lexical tone transfer depends crucially on the transferability of postlexical 
tones. If the tones of the "intonational templates" of English and Japanese 
cannot transfer at all, then there clearly cannot be influence of LI intonation 
on lexical tone. However, this is not the only possible account for the lack of 
intonation-lexical tone transfer. It is feasible that tones transfer, but other 
constraints on association rules or phonetic realization rules may prevent an 
observable correlation between lexical tone and sentence type. Hence there 
are two types of accounts that must be distinguished: (1) no transfer of 
postlexical tones (2) constraints on postlexical and lexical tone interaction. 
The two types of accounts outlined above should be distinguishable from 
the experimental data itself. If postlexical tones do transfer, then there 
should still be some observable phonetic effect on the pitch production. In 
other words, there must be phonetic evidence to postulate postlexical tones. 
Consider a sentence of syllables with the same underlying lexical tone. There 
should be some observable difference of pitch production between the sylla-
bles to claim postlexical tones. This difference may not obscure the identity 
of the lexical tone, but is observable nonetheless. In fact, the experimental 
data does include a sentence of this very type: Zhang San duo gao? 'How tall 
is Johnson?' This sentence is comprised solely of Tone 1 syllables. While all 
syllables are expected to be produced with relatively high pitch, there may 
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Figure 6.1: FQ contours of native Mandarin speakers reciting the sentence 
Zhang San dud gdo? 'How tall is Johnson?' 
Figure 6.1 shows the production of Zhang San dud gdo? by the four native 
Mandarin speakers. In all cases, there is observable pitch lowering across the 
final syllable gdo 'tall'. In the case of subjects M2 and M3 there is also pitch 
raising on the wh-word dud 'how' due to the focus on the question word. 
These F Q contour gives evidence that there is a H— phrase tone associated to 
the wh-word dud. This postlexical tone causes pitch expansion on the wh-
word while compressing the pitch of the following syllable (see Section 2.2 
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Figure 6.2: F Q contours of English learners reciting the sentence Zhang San 
duo gdo? 'How tall is Johnson?' 
for more details). At the same time, the lexical tone identity of the syllables 
is still preserved as all syllables still retain relatively high level pitch. This 
is due to the phonetic realization rules of Mandarin which preserve the F Q 
contour of lexical tones over postlexical tones. 
The native speaker pitch patterns on the above sentence contrast sharply 
with the the learner data for the same sentence shown in Figure 6.2 and 
Figure 6.3. The majority of subjects produced all syllables at the exact same 
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Figure 6.3: FQ contours of Japanese learners reciting the sentence Zhang San 
duo gdo? 'How tall is Johnson?' 
pitch height with no evidence of focus on the wh-word (El, E3, E4, Jl). 
Subject J2 produced falling pitch on the wh-word dud but otherwise does 
not demonstrate pitch lowering on the final syllable either. The remaining 
subject E2 clearly does not produce pitch in accordance to lexical tones, nor 
in accordance with English LI intonation. As discussed in the results of the 
previous chapter, this subject did not demonstrate categorical production 
or perception of lexical tone. The analysis of subject E2，s results will be 
discussed in the following section. 
These subjects without postlexical tone (El, E3, E4, J l , J2) are the same 
subjects who demonstrated a strong correlation of lexical tone category with 
pitch production and tone identification. In other words, these are the sub-
jects which have clearly acquired lexical tone in their L2 Mandarin. Their 
pitch production and tone identification may not be as accurate as native 
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Mandarin speakers but it still demonstrates categorical classification. While 
these learners have demonstrated a certain level of mastery over Mandarin 
lexical tones, they suffer from another type of error: lack of Mandarin in-
tonation. Although this study aimed to investigate Mandarin lexical tone 
and not intonation, it cannot be ignored that the acquisition of Mandarin 
intonation is a significant challenge for learners. 
Previous studies as discussed in Section 3.2.2 demonstrated that postlexi-
cal tone transfer is possible in L2 acquisition. The question of why postlexical 
tones are not found to transfer in this study is particularly interesting. 
The Markedness Differential Hypothesis claims that learners will not 
transfer features from their LI which are more marked than the L2 (Eckman 
1977). This explanation based on markedness does not stand when looking 
at the facts. Final falling pitch on declaratives and rising pitch in interrog-
atives, as seen in English and Japanese intonation, is commonly observed in 
the world's languages (Ladd 1996). Thus, the intonational features of the 
learner's LI are not marked and should indeed be susceptible to transfer. 
A better explanation for the lack of transfer is a perceived dissimilarity 
between intonation and lexical tone by the learners. According to the the 
work of Flege (1995) and Kellerman (1979), there must be a perception of 
similarity between two features for transfer to occur. It is possible that En-
glish and Japanese learners do not see lexical tones in Mandarin as being 
similar to their LI intonation. Although lexical tone and intonation both 
share the same acoustic cue, their functions are very different: contrasting 
lexical meaning versus contrasting utterance meaning in the discourse. Addi-
tionally, there is a popular belief that Mandarin and English, in general, are 
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very different languages (Moser 1991). Likewise, Japanese and Mandarin, 
despite having a long history of lexical borrowing, still have very different 
grammatical systems with the former language being SOV and the latter 
SVO. This perception of dissimilarity between the languages may cause the 
learner to effectively "start from scratch" when learning Mandarin. 
This hypothesis of perceived dissimilarity preventing LI intonation trans-
fer could be further investigated by conducting a perception test of Mandarin 
intonation. Learners could be tasked to identify whether a given sentence 
was a declarative or interrogative. This could involve unmarked sentences 
like Zhang San xi huan he chd 'Johnson likes to drink tea' read as an ordi-
nary declarative and read as an echo question. It could also include sentences 
marked with ambiguous sentence final particles like the example given earlier 
Tdmen bu mai yusdn ma which can mean (a) 'They don't sell umbrellas.' or 
(b) 'Don't they sell umbrellas?'. If the the learners perceive the L2 lexical 
tone as similar to their LI intonation then it would be expected that the 
identifications of sentence types would correspond significantly to the L2 lex-
ical tone most similar to their LI intonation (e.g. sentences ending in Tone 2 
would be identified as interrogatives regardless of their intonation). To this 
author's knowledge, such a study has not yet been carried out but it would be 
particularly insightful in understanding how L2 learners of Mandarin process 
its intonation. 
An issue that is still unaddressed is why these learners lack postlexi-
cal tone altogether. While learners may not transfer their LI postlexical 
tones due to perceived dissimilarity, we would still expect that their inter-
language should have intonation if it is a natural language (Bolinger 1964). 
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Although we cannot fully address the issue of L2 intonation as this study was 
not designed specifically to investigate L2 intonation, this study's data can 
still motivate a tentative hypothesis of under-developed prosodic structure 
in L2 learners of Mandarin. In L2 acquisition of syntax, a similar idea of 
under-developed structure has been proposed in the theory of Minimal Trees 
(Vainikka and Young-Scholten 1994). Vainikka and Young-Scholten propose 
a theory of second language acquisition where learners transfer lexical projec-
tions (e.g. noun phrases) but not functional ones (e.g. finite phrases). These 
under-developed syntactic structures prevent learners from realizing more 
complex grammatical features like inflection on raised verbs. As learners are 
further exposed to the second language and develop functional projections, 
the realization of the corresponding grammatical features are also observed. 
However, the idea of under-developed prosody structure proposed here 
has a crucial difference from the Minimal Trees theory of Vainikka and Young-
Scholten (1994). Instead of arguing that learners' initial prosodic hierarchy 
is under-developed, it is claimed that the acquisition of lexical tone causes 
radical restructuring of the learner's prosodic structure. The learners may 
actually begin acquiring Mandarin prosody with higher-level prosodic units 
like prosodic words, intermediate phrases, and intonational phrases.i But 
when the learners begin to specify tone in the lexicon, they are forced to 
restructure their prosodic structure. The higher-level prosodic units are lost. 
Without these prosodic units, postlexical tones have no place to associate 
and will not be realized. 
1 The evidence for this initial state will be seen in E2's data, discussed in the following 
section. 
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a a a a syllable 
H H H H tone tier 
Zhang San du5 gao segmental 
Figure 6.4: Autosegmental-metrical representation of sentence Zhang San 
dud gdo? 'How tall is Johnson?' in learners lacking postlexical tone 
An example of this underdeveloped prosodic structure of the learners with 
lexical tone can be seen in Figure 6.4. The syllables in the sentence are all 
associated to an H tone, the underlying lexical tone category of the syllables.2 
However, the higher-level prosodic units are do not exist and thus there is 
place for association of postlexical tones. 
It is assumed, but not observable in this study's data, that learners will 
develop these higher-level prosodic units with more exposure to Mandarin. 
Once these prosodic units develop, then postlexical tones in the learner's 
speech should be observable. However, an obstacle to fully investigating 
this hypothesis is our limited understanding of Mandarin intonation. Such 
a study would need to have a clear model of Mandarin intonation and its 
phonetic realization in order to rigorously investigate the development of 
intonation in L2 learners. 
2 This representation does not take in account the falling pitch errors of J2 and E3. The 
errors, as will be discussed in the following section are due to problems with the lexical 
tone category itself and not intonational transfer. 
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Figure 6.5: F Q contour of E2 reciting the sentence Xi hudn mdi dong xi de 
ren shi Li Si. 'The person who likes to shop is Lisa' 
6.1.2 Postlexical tone prior to lexical tone acquisition 
The data of subject E2 in Figure 6.2 stands out in a significant contrast to the 
native speakers and also the other non-native subjects. Subject E2 does not 
demonstrate acquisition of lexical tone in Mandarin, yet—as this section will 
argue—demonstrates systematic use of pitch contours in his production of 
Mandarin. This systematic use of pitch is also accompanied by regular pauses 
and syllable lengthening to give evidence of a complex prosodic structure in 
the subject's L2 Mandarin. 
Figure 6.5 shows the FQ contour of the utterance Xi hudn mdi dong xi de 
ren shi Li Si. 'The person who likes to shop is Lisa' as produced by subject 
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E2. There are no consistent patterns between the pitch production of E2 and 
the underlying lexical tones of the syllables. The Tone 3 syllables mdi 'buy' 
and Li (surname) are produced with low pitch in one case and falling pitch in 
the other. When considering the other utterances of E2, one can quickly see 
there are simply no patterns with respect to the lexical tone categories. This 
was also illustrated in analysis of the sentence-final syllables in Chapter 5. 
Although E2 produces pitch independently of lexical tone categories, Fig-
ure 6.5 demonstrates systematic use of pitch. In the utterance, there is a clear 
pause between Xi hudn mai dong xi 'Like to shop' and de ren shi Li Si 'REL-
person is Lisa'. This pause in the middle of the relative clause is an unlikely 
place to pause from a syntactic perspective, but there is a definite prosodic 
motivation: both phrases have the same number of syllables. Likewise, the 
pitch contour over each phrase is the same: a sequence of valleys and peaks. 
The valleys occur on the first, third, and fifth syllables and peaks on the 
second and fourth syllables. The repeating rising and falling pattern also 
gives a strong sense of rhythm to the utterance. Syllable lengthening on the 
third and fifth syllables gives a perception of two distinct prosodic units in 
each phrase, i.e. xi hudn mdi 'like to buy' and dong xi 'things'. When con-
sidering the pitch patterns of these prosodic phrases, we find all have a high 
pitch peak followed with a final rise. This pattern can be compared to the 
intonation of items in a list in English or what would be represented as H* 
L- H%. 
Consider the English utterance of 'Bandanas, dingos, and so forth' where 
items are being read in a list. Figure 6.6 shows the F Q contour of the first 










ban da nas din gos 
0.13 2.27 
Time (s) 
Figure 6.6: F Q contour of English intonation on items 'badanas, dingos' re-
cited as a list 
words are part of a list where each item is intonationally marked with a high 
peak and rising end. In the autosegmental-metrical approach, the intonation 
of these words would be represented as H* L一 H%. The H* pitch accent 
aligns with the stressed syllable of the list item (e.g. 'da' in 'bandanas' and 
'din' in 'dingos'), while L~ and H% align with end of the intermediate phrase 
and utterance phrase, respectively. 
The intonation of listed items in English is not identical to E2，s intona-
tion, however. The first difference is the lack of pause between each prosodic 
phrase (i.e. xi hudn mai and dong xi). A pause is required to posit an 
intonational phrase boundary. There is only one such pause after dong xi 
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Xi huanmai ddngxi de ren shi Li Si 
Figure 6.7: Autosegmental-metrical representation of E2' intonation on the 
Mandarin sentence Xi hudn mai dong xi de ren shi Li Si. 'The person who 
likes to shop is Lisa' 
suggesting a H% boundary tone. But otherwise, the perceived boundaries 
between prosodic phrases is indicative of an intermediate phrase boundary 
with a H— tone^ . Also, the falling pitch on the stressed syllables (i.e. hudn, 
ddng, ren, and Li) falls earlier than those in the list intonation pattern and 
with a greater range. This is evidence of a bitonal pitch accent H*+L instead 
of just an H* L~ sequence. The complete autosegmental-metrical representa-
tion of E2，s intonation for this sentence is shown in Figure 6.7. Note that the 
H of the H*+L pitch accents are aligned with the metrical strong syllables, 
while the H" phrase tone and H% tone associate the the intermediate phrase 
3 Further evidence of this intermediate phrase boundary is seen when comparing the 
rising pitch of on mai to xi and shi to Si The pitch at the intonational phrase boundary 
raises higher than at the intermediate phrase boundaries (H— H% versus H—). 
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you3 di4 di5 de5 ren2 shi4 Li3 Si4 
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Figure 6.8: FQ contour of E2 reciting the sentence You di di de ren shi Li Si 
'The person who has a younger brother is Lisa' 
and intonation phrase respectively. 
The intonational pattern observed in the previous sentence of E2's Man-
darin is not an isolated occurrence. In fact, in every sentence that E2 pro-
duces there is a consistent pattern of intermediate phrases (ranging from 2-4 
syllables in length) with a H*+L pitch accent on the stressed word and H一. 
The final syllable before pauses where the intonational phrase boundary oc-
curs is marked with even higher rising pitch (H%). Figure 6.8 gives another 
example from E2，s data in the production experiment. 
In Figure 6.8, the utterance You di di de ren shi Li Si 'The person who 
has a younger brother is Li Si，has three intermediate phrases: you di di 
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::hang' San1 de5 fang2 zi5 hen3 xiao3 
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Time (s) 
Figure 6.9: F Q contour of E2 reciting the sentence Zhang San de fang zi hen 
Xiao 'Johnson's house is small' 
'has younger brother', de ren shi 'REL-person-COP', and Li Si 'Lisa'. Each 
has a high peak (H*+L), either on the second syllable in the phrases with 
three syllables or the first syllable for the disyllabic phrases. The phrases 
end with a rising pitch (H—). After second intermediate phrase there is an 
intonational phrase boundary (H%) and also at the end of the sentence. 
While this intonational pattern of H*+L H— H% is in every sentence 
of E2，s production data, there are also two other less frequent tunes seen 
on some intermediate phrases. The first alternative intonational pattern is 
H* L~ L% seen at the end of the sentence Zhang San de fang zi hen xiao 
'Johnson's house is small' in Figure 6.9. This sentence has three intermediate 
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Li3 Si4 gaol bu4 gaol 
0.197 1.466 
Time (s) 
Figure 6.10: FQ contour of E2 reciting the sentence Lt Si gao bu gdo? 'Is 
Lisa tall?' 
phrases: Zhang San 'Johnson', de fang zi 'REL-house', and hen xiao ‘is small'. 
Unlike the first two phrases which have a rising pitch at the end (ie. H* L一 
H%), the final phrase has no rising pitch. Instead, the final syllable xiao 
'small' quickly drops to creaky voice (the F Q contour is not visible during 
creaky voicing). This final falling pitch is due to a final L% on the utterance 
rather than H% (i.e. H* L— L%). This H* L~ L% intonational pattern was 
also seen in final intermediate phrase gdo 'tall' in the utterance Zhang San 
dou gdo? 'How tall is Johnson?' given in Figure 6.2. Despite this tune 
being identical to the intonational template of English declaratives, subject 
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Figure 6.11: F Q contour of E2 reciting the sentence You xmo fang zi de ren 
shi Zhang San. 'The person with the small house is Johnson.' 
questions such as Li Si gdo bu gdo? 'Is Lisa tall?' in Figure 6.10. There are 
three intermediate phrases, where the last one bu gdo has a H* L~ L% tune. 
The use of this falling pitch tune is completely opposite of the rising pitch of 
intonation in English polar questions (i.e. L* H— H%). 
The second exceptional pattern is consecutive high level pitch which oc-
curred on every instance of the sentence-final word Zhang San 'Johnson'. 
Figure 6.11 provides an example of this pattern in the sentence You xmo 
fang zi de ren shi Zhang San. 'The person with the small house is Johnson.' 
According to the syllable lengthening and tonal patterns, there are four in-
termediate phrase in the utterance You xmo 'have small', fang zi 'house', de 
163 
ren shi 'REL-person is', and Zhang San 'Johnson.' The first three interme-
diate phrases have the previously observed H*+L H~ tune with a H% before 
the pause. However, the last phrase has high level pitch on both syllables. 
This pattern of two high tones is restricted both to the lexical item (i.e. 
Zhang San) and sentence-final position within an utterance. It is also unique 
that it is the only case where two consecutive high level pitch syllables are 
found. As seen in the other two pitch patterns, there is a maximum of one 
H* pitch accent within an intermediate phrase. It is also notable that the 
underlying tones of the two syllables in this lexical item are indeed Tone 
1. This exceptional case of pitch production correlating to the lexical tone 
category may actually demonstrate the beginning of lexical tone awareness 
in the subject. What is interesting is why the correct production of the 
lexical tones on this lexical item is only facilitated at the end of the sentence. 
According to the hypothesis intonation-lexical tone transfer, the end of the 
sentence is predicted to be highly susceptible to LI intonation effects. In 
fact, the opposite is witnessed here: the end of the sentence actually assists 
lexical tone production. 
In conclusion, E2，s data shows that the there is evidence that learners 
can have a well-developed prosodic structure in their L2 Mandarin. How-
ever, the prosodic system of E2 has no resemblance to the system of the 
target language. Its intonational tunes are legal tunes in English with the 
exception of the high level pitch on Zhang San sentence-finally. But even 
though the intonational tunes are comparable to English tunes, they are not 
used in accordance to the English prosodic system. Namely, the learner did 
contrast sentence types according to intonation. In fact, the learner even 
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used a declarative tune in English (H* L— L%) on a polar question in his 
L2 Mandarin. Thus, the prosodic system of E2 cannot simply be attributed 
to wholesale transfer of the LI intonation. The prosody of E2 is a unique 
system distinct from Mandarin or English intonation. 
The prosodic system that E2 has developed may be described as an at-
tempt to reinterpret Mandarin lexical tones through the LI prosodic system. 
It may represent an early state if not initial state of English learners when 
acquiring Mandarin prosodic system. In this initial state, tone is not speci-
fied lexically, but instead postlexical tones are used in highly a constrained 
pattern. In E2，s data, there is consistent evidence of sentences utilizing a 
repeating H*+L H~ tune irregardless of the sentence type. This could be 
taken as evidence that E2 understands that the realization of intonation is 
far more limited in Mandarin than English. In response, the learner does not 
contrast sentence types by intonation. Moreover, the learner makes use of a 
intonational tune that has significant movements of pitch. Since most Man-
darin sentences are made up of syllables with different lexical tones, they are 
realized with many pitch movements. This has been popularly called a "sing-
song" intonation by English speakers who are naive to Mandarin prosody. 
Thus, in the initial state, the learner may fail to understand the underly-
ing lexical tone representation of Mandarin and instead uses a English tune 
which has maximal pitch movement like that seen in E2. 
While the exact account of E2，s prosodic development is difficult given 
the limited data, the end result is uncontroversial: his speech is difficult to 
understand, if not completely incomprehensible. E2 at this point in his de-
velopment has failed to understand that tone must be specified in the lexicon 
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and not postlexically. This is understandably a difficult developmental leap 
to make for the English learner of Mandarin. Since English only specifies 
tone postlexically, the learner may not be aware that tone in language can 
be a lexical feature. I hypothesis that when E2 acquires tone as a lexical 
feature, it will motivate a radical restructuring of his prosodic system. The 
higher-level prosodic units (e.g. prosodic words, intermediate phrases, and 
intonational phrases) will disappear and postlexical tone will no longer be 
observed. The productions of E2 will then be similar to those learners in the 
previous section who have already acquired lexical tone. To test whether this 
hypothesis is indeed valid, longitudinal data would be needed to witness how 
a learner progresses from this initial state to the state where lexical tone has 
been acquired. 
6.1.3 Factors in lexical tone errors 
This last section will address how the lexical tone errors observed in the data 
can be explained given that the hypothesized account based on intonation-
lexical tone transfer has been shown to be untenable. There were two com-
mon lexical tone confusions witnessed in the data (both production and per-
ception): (1) confusion between Tone 2 and Tone 3 (2) confusion between 
Tone 1 and Tone 4. Additionally, there was problems in the perception of 
neutral tone seen for several subjects. 
The confusion of Tone 2 and Tone 3 in both perception and production 
tasks has been seen in previous studies of L2 lexical tone acquisition in Man-
darin (Sun 1998). The fact that the difficulty of Tone 2 and Tone 3 was seen 
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in the results of both English and Japanese learners suggests that this prob-
lem is not due to LI transfer. This claim is further supported by evidence 
that these two lexical tones are difficult for first language learners as well 
(Clumeck 1977; Li and Thompson 1978). The explanation for the difficulty 
of these lexical tones lies in part to their phonetic similarity. Both Tone 2 
and Tone 3 have a citation form with rising pitch. Both lexical tones also 
have a dip in the beginning. The distinguishing cue for native speakers is the 
turning point. The turning point occurs later in Tone 3 than Tone 2 (Shen 
1991). In the tone identification task of this study, native speakers had a 
tendency to misrecognize Tone 2 syllables as Tone 3. The reverse was not 
true (i.e. Tone 3 syllables were not misrecognized as Tone 2). According to 
Shen, this misrecognition of Tone 2 as Tone 3 should come from the native 
speakers perceiving the relatively late turning point. In fact, this misrecog-
nition may have been triggered by the voiceless unaspirated plosive on the 
stimulus syllable which causes locally high pitch (as previously mentioned 
in Chapter 5). The locally high pitch could increase the perception of a 
significant dipping contour and delay the turning point cue, resulting in the 
perception of a Tone 3 syllable. 
In non-native speakers, there was no single uni-directional misrecognition 
pattern. Subject J2 had misrecognition in both directions, E2 had significant 
misrecognition of Tone 3 as Tone 2，and E3 misrecognized Tone 2 as Tone 3. 
This suggests that non-native speakers may not be using the same perceptual 
cue as native speakers. Instead, they may be using secondary perceptual cues 
like creaky voicing or pitch heights to make judgements. Determining what 
cues, if any, non-native speakers of Mandarin use to distinguish Tone 2 and 
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Tone 3 would be an interesting question for future phonetic studies. 
The second factor that may explain the difficulty of distinguishing Tone 2 
and Tone 3 for LI learners as well as L2 learners is due to ambiguity of input. 
Tone 3 has an allotone which is identical to Tone 2 when preceding another 
Tone 3 syllable (i.e. Tone 3 sandhi rule). This means that a word produced 
with Tone 2 and Tone 3 sequence may be underlyingly Tone 2 followed by 
Tone 3 or, alternatively, it may be Tone 3 followed by Tone 3. The underlying 
representation is not recoverable from the surface representation alone. This 
point was also brought up by Clumeck (1977) in discussing the LI acquisition 
of Mandarin lexical tones. This ambiguous input puts an additional burden 
on the learner as they must first understand that there are two categories 
and that one is sometimes the allotone of the other. This could explain why 
distinguishing Tone 2 and Tone 3 is particularly difficult for the LI learners 
as well as the L2 learners of this study. In sum, the confusion of Tone 2 and 
Tone 3 is seen for both LI and L2 learners and, thus, cannot be attributable 
to LI intonation. It is better understood through the two contributing factors 
of phonetic similarity and phonological distribution. 
The second lexical tone confusion pair seen in the data was Tone 1 and 
Tone 4. This study found English learners had a tendency to produce Tone 
1 syllables with falling pitch while the Japanese learner J2 had a tendency 
to produce Tone 4 syllables with high level pitch. 
The different direction of confusion between the two learner groups may 
initially appear to be evidence that LI intonation affects the production of 
Tone 1 and Tone 4. In fact, as discussed in the previous chapter, the Tone 4 
errors of the Japanese learner J2 were restricted to a particular lexical item 
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didi 'younger brother'. This word was consistently produced with high level 
pitch on the first syllable. Thus, it appears the problem for J2 is the tone 
specification in the lexicon and not a generalisable error on Tone 4 syllables. 
On the other hand, the misproduction of Tone 1 as falling pitch by English 
learners has been observed in other studies (Sun 1998; Shen 1989). Instead of 
LI intonation transfer, there is a possible phonetic explanation of this error: 
maintaining high-level pitch is more labor-intensive than producing falling 
pitch Liberman (1975). The speaker must maintain sufficient air pressure 
in the lungs in order to keep the high-level pitch. Over time however, the 
decreasing air in the lungs make its progressively more difficult to maintain 
this air pressure and more likely for the pitch to drop. Thus high level pitch 
is susceptible to being produced as falling pitch. 
The perception of Tone 1 was actually the most accurate for both English 
and Japanese subjects. Learners from both groups had a tendency to perceive 
Tone 4 syllables as high level. This perception error were also found in the 
investigation of Broselow et al. (1987) and Sun (1998). The evidence of 
this study supports Sun (1998)，s claim that the perception of Tone 4 is not 
dependent on LI intonation but its phonetic saliency. Tone 4 syllables are 
the shortest of the lexical tones in Mandarin. The low pitch in Tone 4's rapid, 
short fall is not as phonetically salient and thus this tone may be confused 
with Tone 1. 
The other common perception error witnessed in the data was the con-
fusion of neutral tone syllables and syllables with lexical tone. This was 
witnessed in non-native subjects as well as native speakers. Because of this 
error is not associated with a particular group of speakers, it suggests that 
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the error is due to factors within Mandarin itself. The data showed that most 
of the neutral tone misperceptions occurred at the end of utterance. A likely 
explanation is that final lengthening and postlexical boundary tones may 
have lead to the perception of lexical tone for both native and non-native 
subjects. This type of error shows that the intonation of Mandarin rather 
than LI intonation can lead to lexical tone errors. 
To summarize, there are many factors which may cause lexical tone errors 
besides just LI intonation: phonetic similarity, phonological distribution, and 
L2 intonation. Although this study aimed to investigate lexical tone errors 
caused from LI intonation, there was little evidence of these errors. Most 
lexical tone errors appear to be due to these non-Ll intonation factors. 
6.2 Limitations of methodological design 
This section examines three possible issues in the methodology which should 
be taken into account when analyzing the experimental results. These issues 
include the small sample size of the experiments, representation of proficiency 
levels, and the method of elicitation in the production experiment. 
6.2.1 Size of experimental data sample 
This study only examined six non-native subjects. From each subject, the 
production and perception experiments yielded 48 sentences to examine intonation-
lexical tone transfer. There were several obstacles to gathering more data. 
Recruiting subjects was one major problem. Despite offering compensation, 
it seems it was not enough incentive to encourage voluntary participation. 
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The other obstacle to gathering more data was the constraint on the exper-
iment duration. The production and perception tasks took the subjects 1 -
1.5 hours to complete. Adding more stimuli to the experiment would have 
provided more data but demanded more time and increase the likelihood of 
experimental fatigue. These logistical problems could be minimized in fu-
ture studies by providing more incentives to the subjects and/or utilizing 
the classroom environment for conducting experiments. 
The small size of the experimental data sample implies that the results 
of this study must be considered preliminary. The results of this study are a 
first step in the experimental investigation of intonation-lexical tone transfer 
and should not be construed to offer conclusive evidence that such transfer 
is altogether non-existent. Second language learner populations are not ho-
mogeneous, even within the same native language background. So there is 
a certain risk that the subjects of this study may all happen to be outliers 
of the population. Thus no influence of prosodic transfer was witnessed in 
their interlanguages. 
Alternatively, it is also possible that some or even all subjects in this 
study may actually have observable intonation-lexical tone transfer influence 
in their L2 Mandarin but the elicited data is not sufficient to demonstrate 
this at a statistically significant level. In conclusion, the sample size of this 
study limit the certainty of the findings. Still, the non-observation of the hy-
pothesized prosodic transfer deserves an explanation and provides compelling 
motivation to study this problem with larger data sets. 
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6.2.2 Proficiency levels and testing 
The small sample size of the study means that within each proficiency level 
there are only one or two representative subjects. The question may be raised 
on whether the intonation-lexical tone transfer is specific to a proficiency 
level that is not represented in this sample. In fact, despite the small size of 
the sample, it is worth pointing out that the subjects represented a wide range 
of proficiency levels. The subject with the least amount of instruction, E2, 
demonstrated only partial acquisition in terms of lexical tone perception but 
no discernible acquisition of lexical tone in production. Subject J l who had 
the second least amount of instruction had better acquisition of lexical tone, 
but still only three lexical tone categories (as opposed to four) in production. 
On the other hand the subject with the most amount of instruction, E4, 
clearly demonstrated acquisition of lexical tone in perception and production. 
However, all subjects showed non-native performance in at least some items 
of the lexical tone production or perception tests. Within these cases, the 
errors were still not explained by intonational transfer but instead were best 
explained by factors within L2. So the issue of diversity of proficiency levels 
is not considered to be as significant of a limitation to the study as the sample 
size itself. 
On the other hand, the issue of sufficient diversity in proficiency levels 
could be better addressed if a standardized test had been employed. Al-
though all subjects of this study were specifically asked if they had taken 
a standard proficiency test like the Hanyu Shuiping Kaoshi (Hanyu Shuip-
ing Kaoshi Center 2008), none of the subjects reported having taken such 
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a test. Thus, there was no means to compare their proficiency outside of 
measuring their hours of formal instruction in Mandarin. While instruction 
time is moderately correlated to proficiency, it is not considered as reliable 
as a standardized test (Thomas 1994). This can be noted by the relatively 
native-like performance of J1 who had only 360 hours of formal instruction as 
compared to the subject E3 who had 432 hours. The problem in using a stan-
dardized test like the Hanyu Shuiping Kaoshi is that it must be administered 
by an authorized testing center and takes several hours. Additionally, there 
is currently no measurement of speaking skills in the Basic or Elementary-
Intermediate versions of the test.4 An alternative to using a standardized 
test for measuring the proficiency level of subjects in future studies would be 
to take classroom performance into account. If the subjects were taken from 
the same class or from classes within the same curriculum, then this method 
of rating proficiency levels of the subjects should be fairly reliable. 
6.2.3 Method of elicitation 
Another aspect of the methodology that may have lead to the negative find-
ings for prosodic transfer is how data was elicited from the subjects. The 
assumption of the experiment was that sentence type alone would be a suf-
ficient condition to elicit the hypothesized transfer of tone from the native 
intonation pattern to Mandarin lexical tone. However, intonation is not only 
dependent on the sentence type but is also subject to other variables like the 
speaker's mood. The experimental setting -recitation of Mandarin sentences 
4 The Advanced version of the test does include a speaking section, but this version is 
designed for learners of Mandarin who have over 3000 hours of instruction. It would not 
have been appropriate for the level of students in this study. 
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into a microphone—is arguably a very atypical situation for the subject. The 
pitch patterns elicited from these conditions may have been different from 
the pitch patterns that the subject actually uses when speaking Mandarin in 
natural conversations. This experimental environment may have caused the 
speaker to become more attentive to their speech and careful in their pronun-
ciation. Additionally, the lack of human interaction and repetitive nature of 
the tasks may have limited the expression of intonation by the speaker. 
It is possible that prosodic transfer may not be readily observable in this 
style of careful speech, but is in fact attested in the less-monitored spon-
taneous speech styles of second language learners. But while spontaneous 
speech would be arguably less susceptible to these factors of hyper-attention, 
repetition, etc., there are significant problems in ensuring sufficient data of 
the appropriate sentence types as previously noted in the review of Chen 
(1997). Additionally, spontaneous speech is still susceptible to confounding 
factors in intonation such as unintended contrastive stress, sentence's atti-
tude to the topic, and disfluencies. 
This problem of eliciting speech that truly reflects the subject's speech 
in "real life" is an unavoidable issue in the experimental study of speech. 
The well-known sociolinguist William Labov summarized the problem as the 
Observer's Paradox: 
The aim of linguistic research in the community must be to find out how 
people talk when they are not being systematically observed; yet we can 
only obtain these data by systematic observation. (Labov 1972:209) 
Labov acknowledges that while the Observer's Paradox is unavoidable, 
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it can be managed by creating an experimental environment similar to that 
under investigation. Some common practical measures include using lapel 
microphones and guided conversations. Less intrusive recording equipment 
can reduce the subject's attention on speech form. Guided conversations 
can provide naturalistic data while still ensuring the necessary data can be 
collected. 
Appropriate methods for investigating intonation is still an area for fur-
ther research. Experimental studies of intonation are extremely challenging 
to design as they easily susceptible to effect of non-linguistic variables. The 
study of Lee (2005) on the prosody of Mandarin questions used a methodol-
ogy in line with some of the suggestions from Labov (1972). In Lee (2005)'s 
study, the subjects (native speakers of Mandarin) were given short dialogues 
to re-enact in pairs. This methodology allowed the researcher to ensure an 
intonationally-balanced data set while eliciting conversational speech. This 
approach avoids some problems inherent in both laboratory speech (e.g. read-
ing or reciting sentences) and spontaneous speech. Since the subjects are 
given time to read over and prepare the scripts, the disfluency problems of 
spontaneous speech are avoided. Additionally the re-enactment with another 
human interlocutor provides an environment similar to natural conversation. 
The context of the dialogues can also provide more cues to eliciting the ap-
propriate intonation. 
While this methodology has some significant benefits, there are still chal-
lenges to applying this approach to second language learners. The materials 
must be designed to be appropriate for the proficiency level of the subjects. 
The material design must also avoid ambiguities which could lead to un-
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intended interpretations by the subjects and thus changing the intonation. 
There is also a significant increase in the time to conduct the experiment 
considering the time needed to prepare and re-enact complete dialogues. As 
noted in the previous section, this can affect the successful recruitment of 
participants. Still, by considering the above issues, this method of dialogue 
re-enactment could address some of the short-comings of this study's method 





This study aimed to investigate whether first language intonation can influ-
ence lexical tone in a second language. This research question was motivated 
from previous claims (Broselow et al. 1987; Chiang 1979; Chen 1997; Miracle 
1989; White 1981; Shen 1989) that lexical tone errors in English learners 
of Mandarin were systematic according to the properties of English intona-
tion. However, the claims of previous work were shown to be unconvincing 
as they lacked data which demonstrated lexical tone errors could be uniquely 
correlated with the learners' LI intonation. 
This study attempted to address the methodological problems of previous 
work by carrying out an experimental study of L2 learners of Mandarin from 
two different LI backgrounds: English and Japanese. These two languages 
were chosen in particular as they exhibit different patterns of intonation 
across three basic sentence types: (1) declaratives, (2) wh-questions, and (3) 
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polar questions. 
There are two significant contributions of this work. First, this work 
demonstrated how the prosodic systems of three distinctively different languages-— 
Mandarin, English, and Japanese一could be compared under a single frame-
work: the autosegmental-metrical theory of Pierrehumbert and Beckman 
(1988). Second, this study provides empirical data of lexical tone production 
and perception for both native and non-native subjects. 
The data of this study is of particular importance as it contradicts the 
previous claims of intonation-lexical tone transfer. There was no correlation 
between the subjects' production or perception of lexical tone with respect 
to sentence type. The analysis of the data found that postlexical tone did 
not transfer at all for subjects who had already acquired lexical tone in 
Mandarin. In the single subject without lexical tone, there was evidence of a 
intonational system but it was found to operate separately from the learner's 
LI intonational system. The analysis of the lexical tone errors produced 
by non-native subjects suggests that LI intonation is not as important of a 
factor in errors as phonetic similarity, phonological rules, and intonation of 
the target language. 
7.2 Implications 
7.2.1 Prosodic phonology 
There are two primary contributions of this work to prosodic phonology: (1) 
theoretical explanation of how intonation lexical tone could transfer in sec-
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ond language acquisition (2) development of a hypothesis of under-developed 
prosodic structure in L2 Mandarin learners. 
This work departed from previous studies hypothesizing intonation-lexical 
tone transfer (Broselow et al. 1987; Chen 1997; Chiang 1979; Miracle 1989; 
Shen 1989; White 1981) by providing a theoretical basis of how intonation 
and tone interact under a unified representational framework. According to 
the autosegmental-metrical theory of prosody adopted in this work, into-
nation and lexical tone are comprised of the same linguistic knowledge but 
used for different functions. Both are represented as sequences of high and 
low level tones, but operate at different levels in phonology (i.e. lexical vs. 
postlexical) and associate to different units in the prosodic hierarchy (e.g. 
syllables vs. intonational phrases). The hypothesized transfer of LI intona-
tion to L2 lexical tone was demonstrated to be possible by the reassociation 
of postlexical tones in LI to the tone bearing units in L2. This was shown 
to be possible for languages without lexical tone like English and Japanese. 
The experimental findings of this study suggest that postlexical tones do 
not transfer to the second language and that postlexical tones are altogether 
lacking in learners who have acquired lexical tone. This finding motivated 
the hypothesis that learners have an under-developed prosodic structure. 
More specifically, learners are forced to radically restructure their prosodic 
structure after tone is acquired as phonemic feature in the lexicon. The 
prosodic structure after lexical tone acquisition lacks the higher-level prosodic 
units like prosodic words, intermediate phrases, and intonational phrases. 
Thus, there are no units for the postlexical tones to associate to and they fail 
to be realized. This hypothesis of under-development of prosodic structure 
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may also shed light on the difficulties in acquiring L2 intonation, widely 
observed in the literature (Jun and Oh 2000; Toivanen 2003; Shibata and 
Hurtig 2007; Mermen 2007). But further development of this hypothesis 
critically relies on a unified theory of prosody and studies on languages where 
its intonation model has been well-developed. 
7.2.2 Second language acquisition 
The findings of this study have significant implications for second language 
acquisition of languages with lexical tones. Contrary to a prevailing view^ 
that intonation-lexical tone transfer is a significant issue in the acquisition 
of lexical tone, this study suggests that LI intonation has little influence 
in lexical tone production and perception. In the concluding remarks of 
both Chiang (1979) and White (1981), the authors suggest that teachers 
must have an awareness of the LI intonation of their students and make the 
student conscious of lexical tone errors that may arise from LI intonational 
interference. 
According to the results of this study, it is doubtful that an understanding 
of LI intonation will help learners avoid lexical tone errors. The majority of 
lexical tone errors from students appear not to come from LI intonation influ-
ence but from universal problems in phonetic similarity, phonological rules, 
and intonation of the target language. There is also a consistent problem 
for learners of different LI backgrounds to distinguish the following two tone 
pairs: (a) Tone 2/Tone 3 and (b) Tone 1 /Tone 4. Students would benefit 
1 In the L2 Mandarin lexical tone acquisition studies reviewed, all but one—Sun 
(1998)一claimed that LI intonation was a cause of lexical tone errors. 
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most from being aware of the universal difficulty in distinguishing these tone 
pairs and dedicate time to distinguishing these pairs both in production and 
perception. 
At the same time, it cannot be understated how important it is for learners 
of a language with lexical tone to be taught from the beginning that pitch 
is a distinctive feature in the lexicon. As seen in the data from E2 of this 
study, extended exposure to the language does not guarantee a student will 
become aware of the distinctive use of pitch. Students whose LI language 
does not have lexical tone may be remain oblivious to lexical tone until it is 
explicitly pointed out to them. Additionally, some students may be put off 
by the challenge of producing and perceiving pitch such that they resign in 
their efforts to master the lexical tones^ While teachers must find a balance 
between demanding accurate pronunciation and maintaining the student's 
motivation, they must insist that lexical tones are important to Mandarin 
pronunciation as the consonants and vowels. As such, lexical tone should 
be addressed in the very beginning of study as an inherent feature of the 
pronunciation. 
7.3 Future Work 
The unexpected findings of this study highlight the need for more investi-
gations on intonation and lexical tone interaction in second language ac-
quisition. The limitations discussed in Section 6.2—including the small 
sample size, elicitation method, proficiency levels, and narrow domain of 
2 This attitude was expressed by E2 after completing the tone identification experi-
ments. 
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investigation—imply the results are far from conclusive. Indeed, there is a 
significant need for more data and from learners of other LI backgrounds. 
Several suggestions for improving the methodology have been proposed 
such as using context in the elicitation method rather than isolated sentences, 
engaging subjects with human interlocutors, and conducting a longitudinal 
study as opposed to a cross-sectional study. A logical next step would be 
to gather data in a structured classroom exercises like rehearsed dialogues 
where the developmental process of learners could be monitored. 
This study also focused exclusively on intonation to express modality (i.e. 
declarative and interrogatives) but there are many other functions of intona-
tion. It is entirely possible that further research will show that some aspects 
of intonation are susceptible to transfer while others are not. Contrastive 
focus, in particular, is a promising direction as it is an intonational feature 
which can be reliably controlled by the stimulus material. 
Extending this research to additional languages pairs will also be of ben-
efit. Not only could one consider the data from learners of Mandarin from 
other LI backgrounds, but also learners of other languages with lexical tone. 
It is possible that the findings of this study are unique to Mandarin, a lexical 
tone language with highly constrained intonational features. Other target 
languages where the interaction of intonation and lexical tone is less trans-
parent may yield significantly different results in the data of L2 learners. 
Prosody has long been considered a fringe of linguistics, even called "a 
half tamed savage" by Bolinger (1978), but it need not and should not be ig-
nored. Recent developments in prosodic theory, including the widespread 
adoption of the autosegmental-metrical framework of Pierrehumbert and 
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Beckman (1988), have provided researchers with more formal tools for inves-
tigating prosody in both native and non-native phonologies. This study has 
attempted to open a new path driven by theory for the research of intonation-
lexical tone interaction in second language acquisition. It would only seem 
appropriate to end this thesis by putting out a sincere call to other researchers 
to tackle this difficult topic, with the hope that this work may provide some 
light on how one may proceed. 
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A. l Wordlist 
Tone 1 
zhdng 'Zhang' (surname) huan 'joyful' 
san 'three' gdo 'tall' 
chi 'eat' dongxi 'things' 
Tone 2 
ren 'person' chd 'tea' 
shui 'who' shenme 'what' 
mei 'every' fdngzi 'house' 
Tone 3 
you 'have' ndr 'where' 
XI 'happy' hi 'compared to' 
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hen 'very' xiao 'small' 
mai 'buy' mdile 'bought' 
li 'Lee，(surname) fiejie 'elder sister' 
Tone 4 
si 'four' bu 'not' (negation) 
zui 'most' rdu 'meat' 
shi ‘is’ (copula) shide 'yes' 
zai 'be at' didi 'younger brother' 
A.2 Sentences 
Simple declaratives 
Zhang San hen gdo. 'Johnson is tall.' 
Zhang San xi hudn he chd. 'Johnson likes to drink tea.' 
Zhang San de fang zi hen xiao. 'Johnson's house is small.' 
Zhang San hu chi rdu. 'Johnson doesn't eat meat.' 
Li Si xt hudn mai dong xi. 'Lisa likes to shop.' 
Li Si xiang mai fang zi. 'Lisa wants to buy a house.' 
Lt Si you yi ge jie jie. 'Lisa has one older sister.' 
Lt Si you yt ge di di. 'Lisa has one younger brother.' 
Wh-int errogat ives 
Zhang San dou gdo? 'How tall is Johnson?' 
Zhang San xi hudn he shen me chd? 'What type of tea does Johnson likes to drink?' 
Shui de Jang zi hen xiao? 'Whose house is small?' 
196 
Li Si xidng chT shen me rou? 'What type of meat does Lisa want to eat?' 
Li Si mdi le shen me dong xi? 'What did Lisa buy?' 
Li Si zdi nar mai fang zi? 'Where will Lisa buy a house?' 
Shui shi Li Si de jte jie? 'Who is Lisa's older sister?' 
Shui shi Li Si de di di? 'Who is Lisa's younger brother?' 
Verb-Negation-Verb interrogatives 
Li Si gao bu gao? 'Is Lisa tall?' 
Li Si he bu he chd? 'Does Lisa drink tea?' 
Li Si de fang zi xido bu xido? 'Is Lisa's house small?' 
Li Si chi bu chi rou? 'Does Lisa eat meat?' 
Zhang San xidng bit xidng mdi dong xi? 'Does Johnson want to buy things?' 
Zhang San xidng bu xidng mai fang zi? 'Does Johnson want to buy a house?' 
Zhang San you mei you jte jie? 'Does Johnson have an older sister?' 
Zhang San you mei you di di? 'Does Johnson have a younger brother?' 
Sentence final particle interrogatives 
Zhang San M M Si gao ma? 'Is Johnson taller than Lisa?' 
Lt Si xidng he chd ma? 'Does Lisa want to drink tea?' 
Li Si de fang zi hen xido ma? ‘Is Lisa's house small?' 
Lt Si XI hudn chi rou ma? 'Does Lisa like to eat meat?' 
Zhang San xi hudn mdi dong xi ma? 'Does Johnson like shopping?' 
Zhang San xiang mdi fang zi ma? 'Does Johnson want to buy a house?' 
Zhang San you jie jie ma? 'Does Johnson have an older sister?' 
Zhang San you di di ma? 'Does Johnson have a younger brother?' 
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Declaratives with relative clauses 
Zui gdo de ren shi Zhdng San. 'The tallest person is Johnson.' 
Xi hudn he chd de ren shi Zhdng San. 'The person who likes tea is Johnson.' 
You Xiao fang zi de ren shi Zhdng San. 'The person with the small house is Johnson.' 
Bu cM rdu de ren shi Zhdng San. 'The person who doesn't eat meat is Johnson.' 
Xi hudn mai ddng xi de ren shi Li Si. 'The person who likes to shop is Lisa.' 
Xiang mai fang zi de ren shi Li Si. 'The person who wants to buy a house is Lisa.' 
You jie jie de ren shi Li Si. 'The person who has an older sister is Lisa.' 







Kapa Tdpa Kdta Pata Ka Pa 
Tone 2 
Tdpa Pdta Kdta Kdpa Td Kd 
Tone 3 
Kata Tdpa Pdta Kdpa Td Pa 
Tone 4 
Kata Tdpa Kdpa Pdta Kd Td 
Distractors 
Pdkd Tdpa PdM Kdpa Tdpa Kata 




Td jiao Kapa. 'He/She is called Kapa.' 
Td jido Pdta. 'He/She is called Pata.' 
Td jido Rata. 'He/She is called Kata.， 
Ta jido Tdpa. 'He/She is called Tapa.' 
Td jido Ka. 'He/She is called Ka.' 
Ta jido Td. 'He/She is called Ta.’ 
Ta jido Pa. 'He/She is called Pa； 
Td jido Ka. ‘He/she is called Ka.， 
Wh-interrogatives (target-final) 
Shmjiao Rata? 'Who is called Kata?' 
Shmjiao Tdpa? 'Who is called Tapa?， 
Shmjiao Pata? 'Who is called Pata?' 
Shui jiao Kapa? 'Who is called Kapa?' 
Shmjiao Ka? 'Who is called Ka?， 
Shmjiao Td? 'Who is called Ta?， 
Shmjiao Pd? 'Who is called Pa?' 
Shmjiao Ta? 'Who is called Ta?， 
Verb-Negation-Verb interrogatives 
Td shi hu shi jido Pdta? 'Is he/she called Pata?' 
Td shi hu shi jiao Kdpa? ‘Is he/she called Kapa?' 
200 
Td shi hu shi jido Kdpa? 'Is he/she called Kapa?' 
Td shi bu shi jido Pdta? 'Is he/she called Pat a?' 
Td shi bu shi jido Pd/? 'Is he/she called Pa?' 
Td shi bu shi jido Kd? ‘Is he/she called Ka?' 
Td shi bu shi jido Kd? ‘Is he/she called Ka?' 
Td shi bu shi jido Td? 'Is he/she called Ta?' 
Sentence final particle interrogatives 
Td jido Tdpa ma? 'Is he/she called Tapa?' 
Td jido Kdta ma? 'Is he/she called Kata?' 
Td jido Tapa ma? ‘Is he/she called Tapa?' 
Td jido Kdta ma? 'Is he/she called Kata?' 
Td jido P江 ma? 'Is he/she called Pa?' 
Td jiao Kd ma? 'Is he/she called Ka?' 
Ta jido Td ma? 'Is he/she called Ta?， 
Td jido Td ma? 'Is he/she called Ta?， 
Wh-interrogative (target-initial) 
Pdta shi shui? Tata is who?' 
Kdpa shi shu{？ 'Kapa is who?' 
Pdta shi shui? Tata is who?' 
Kdta shi shut? 'Kata is who?' 
Pd shi shui? 'Pa is who?' 
Kd shi shui? 'Ka is who?' 
Pd shi shut'? Ta is who?' 
Kd shi shut? 'Ka is who?' 
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Distractors 
Td jido Pdkd. 'He/She is called Paka.' 
Td jiao Paid. 'He/She is called Pata.' 
Shut jido Kata? 'Who is called Kata?' 
Shui jiao Tdpa? 'Who is called Tapa?' 
Td shi bu shi jido Tap a? 'Is he/she called Tapa?' 
Ta shi bil shi jido Kdpa? ‘Is he/she called Kapa?’ 
Td jiao Tap a ma? 'Is he/she called Tapa?' 
Ta jido Kdpa ma? 'Is he/she called Kapa?' 
Katd shi shut? 'Kata is who?' 
P&td shi shut? Tata is who?' 
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Appendix C 
Fq contours of target word 
productions 
The following figures give the Fo contours of the eight target words in the 
production experiment for all subjects. These target words include gdo 'tall', 
chd 'tea', xiao 'small', rou 'meat', dongxi 'things', fdngzi 'house', jiejie 'el-
der sister', and didi 'younger brother.' These words were in final position in 
four types of sentences. The line type of the F Q contours indicates the sen-
tence type of the target word: declaratives (solid black line), wh-questions 
(dotted black line), vnv-questions (solid gray line), and ma-questions (dotted 
gray line). Note that in some words— -particularly Tone 3 syllables—the F Q 
contours are not visible due to creaky voicing. 
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Figure C.IO: Fq contours of production experiment stimuli for subject J2 
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Figure C.IO: Fq contours of production experiment stimuli for subject J2 
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Figure C.IO: Fq contours of production experiment stimuli for subject J2 
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Figure C.IO: Fq contours of production experiment stimuli for subject J2 
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Figure C.IO: Fq contours of production experiment stimuli for subject J2 
209 
400 I I • 400 I I 
300 300 
_ 200 _ 200 
s I 
100 •• 1 1 100 -J/^ ir-
75 75 ： 
gaol ma5 cha2 nia5 
0 Normalized time 0.4018 0 Normalized time 0.513 
T ime (s) T ime (s) 
4001 丨丨丨 400i 
300 300 一 
^ 200 _ 200 
"5 一 o __.--,-、-
100 •‘ ‘ 100 y ^ P ^ yZ — 
75 二、 ...... --""" 75 乂 -.JV-X-c... ..二 
xiao3 ma5 rou4 maS 
0 Normalized time 0.4873 0 Normalized time 0.4878 
T ime (s) T ime (s) 
400, j 400i 1 
300 j 300 
i 
_ 200 i _ 200 /.、 
X X 
§ ———\ Z.-- H \ 广 � - -
75 二 75 ^ 
dong1 xi5 ma5 fang2 z iS ma 5 
0 Normalized time 0.6027 0 Normalized time 0.629 
T ime (s) T ime (s) 
4001 4001 I 
300 300 
i 
_ 200 ... _ 200 I 
N N 、 ！ 
I I 、_ A I 
a 100 r ^ 、 100 一 
\ . ‘ . I . 一 
75 75 ；：：^： 
jieS jieS ma5 di4 di5 ma5 
0 Normalized time 0.612 0 Normalized time 0.4791 
T ime (s) T ime (s) 
Figure C.IO: Fq contours of production experiment stimuli for subject J2 
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Figure C.IO: Fq contours of production experiment stimuli for subject J2 
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Figure C.IO: Fq contours of production experiment stimuli for subject J2 
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